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A complete wood rosin purification plant The Vulcan organization is at your service to provide: 
designed and constructed by Vulcan, using the Technical and economic surveys ® Research and development 


® Process and mechanical design © Equipment manufacture * 


Vulcan Solvent Extraction Process. ines denies cad anes 


Vu LC ARK 


ENGINEERS AND MANUFACTURERS OF PROCESS PLANTS AND EQUIPMER 


The Vurcan Copper & SUPPLY CO., General Offices and Plant, CINCINNATI 2, ¢ 
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VICKERS YULCAN PROCESS ENGINEERING CO., LTD., MONTREAL, CANADA 





ENGINEERING DIVISION © MANUFACTURING DIVISION @ CONSTRUCTION DIVISION © INDUSTRIAL SUPPLY DIVISION 











ee 





What doesn't belong in this picture? 


All but one of the objects in this picture have something in common — Norton or Behr-Manning abrasive products 
are vital factors in their manufacture and in their quality. Can you find the stranger? 


The sheepsfoot roller? No! Before it went to work 
compacting and leveling airstrips, it got its rugged 
strength and odd shape from processes that call for the 
top performance of Norton grinding wheels and re- 
fractories and Behr-Manning coated abrasives. 

The organ? No! The rich finish of its woodwork 
comes from coated abrasive paper for which Behr- 
Manning is famous. Its smooth tones come from pre- 
cision parts that result from the uniform grinding action 
of Norton and Behr-Manning products. 

The ash tray? No! The entire glass industry relies on 
Norton and Behr-Manning abrasive products for many 
grinding and cutting operations. 


The cigarette? No! Norton and Behr-Manning abra- 
sives contribute in many ways fo smoking enjoyment. 
For example, the circular blades that cut cigarettes 
cleanly to size are continuously sharpened by Behr- 
Manning abrasive discs. 

The stranger in the picture is the fly. Remember, 
any man-made product . . . whether of metal, wood, 
paper, cloth, leather, ceramics or plastics . . . depends 
in some important way on abrasives, abrasive products, 
refractories or grinding machines that bear such well- 
known trade-marks as Norton and Behr-Manning...the 
world’s largest manufacturers of abrasives and = hte 
products. 


dlaking better products to make other products better 


NORTON COMPANY 


MAIN OFFICE ano works WORCESTER 6, MASSACHUSETTS 


ABRASIVES © GRINDING WHEELS ° REFRACTORIES 
NORBIDE GRAIN ANDO MOLDED PRODUCTS 
ee AND LAPPING MACHINES e NON-SLIP FLOORS 


BEHR-MANNING 


DIVISION OF NORTON COmPAaNY TROY, NEW YORK 


ABRASIVE PAPER AND CLOTH ® OILSTONES 
ABRASIVE SPECIALTIES 
BEHR-CAT BRAND PRESSURE-SENSITIVE TAPES 


SOLD BY LEADING DISTRIBUTORS AND DEALERS THE WORLD OVER 


THE TECHNOLOGY REVIEW, March, 1952, Newsstand Edition, Vol. LIV, No. 5. Published monthly from November to July inclusive at Emmett 
Street, Bristol, Conn. Publication date: twenty-seventh of the month preceding date of issue. Annual subscription $3.50; Canadian and Foreign subscription, 
$4.00. Entered as second-class matter December 23, 1949, at the Post ce at Bristol, Conn., under the Act of March 3, 1879. 














N DECEMBER 5, 1941, these utility engineers from all 

parts of the country made a trip to the Somerset Station 
of Montaup Electric Company, Somerset, Mass., to see a 
new boiler...a radically different boiler...a controlled 
circulation boiler. 

The main difference between the Montaup boiler and 
American power boilers of conventional design was that it 
employed a new and different principle of circulation. Its 
circulation was controlled. With this principle, a specially 
designed pump is used to maintain positive circulation 
throughout all parts of the boiler and the flow to each 
section is controlled according to its needs. Conventional, 
or natural, circulation boilers on the other hand, depend 
entirely on heat to maintain circulation and do not permit 
positive control of flow to different circuits. 

Previously, controlled circulation had been in use com- 
mercially in Europe, but only in relatively small boilers. 
This was the first application in an American power station 
and it had the further distinction of being the first boiler 
to produce steam at a temperature as high as 960° F. At 
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2000 pounds per square inch design pressure, it was also 

one of the two highest pressure boilers in this country. 
One major advantage of controlled circulation is that it 

is ideally suited to use in the higher pressure range where 

heat as a means of circulation becomes less effective . . . and 

it is in this higher pressure range — from 2000 pounds per 

square inch up — that higher overall plant efficiencies can 

be achieved. There are, of course, collateral advantages 

such as: 

© substantial reduction in weight made possible by the 
use of small-diameter, thin-wall tubes; 

@ new flexibility in proportioning boilers to fit existing 
space; 

© quicker starting up and shutting down; 

@ maximum number of service hours per year. 

The drastic departure from conventional practice at Mon- 

taup — which these engineers came to see — required pio- 

neering courage as well as engineering competence of a 

high order to solve the many technical problems. That 
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Mayor Development in Power Generation 






















Combustion Engineering—Superheater, designers and build- Utility companies that have 
ers of the boiler, the Montaup Electric Company and the C-E Controlled Circulation Boilers on Order 
consulting engineers, Stone & Webster Engineering Cor- Contracts cover a total of 18 units to serve an aggregate turbine capacity of 
poration solved these problems has been demonstrated by 2,500,000 Kilowatts. Design pressures range up to 2650 pounds per square inch. 
the boiler’s highly successful performance record over a 
period of years. Moreover, the proven advantages of con- 
trolled circulation have so impressed leading utility com- Plast Copestty gare 
panies that they have placed orders with Combustion in Company Location Ibs. of steam per hr. 
the past 18 months (see list at right) representing a total 
investment of more than 50 million dollars. Orders have Cleveland Electrit Mlluminating Co. East Lake, Ohio 875,000 
also been received from the U.S. Navy for C-E Controlled Consumers Power Company Essexville, Mich. 1,050,000 
Circulation Boilers to power two destroyers of an advanced Duke Power Company Spencer, N. C. 900,000 
design. Philadelphia Electric Company Chester County, Pa. 1,450,000 

° . . Public Service Electric & Gas Co. Kearny, WN. J. 1,015,000 
The development of the Controlled Circulation Boiler ales s, ce tg wneiriD mad nin 
is another example of Combustion’s design leadership in Gilmerton, Va. 750,000 
the field of steam generation...leadership that makes it Wisconsin Electric Power Co. Milwaukee, Wis. 795,000 
worth your while to consider C-E Boilers for your steam 
requirements whether large or small...utility or indus- 








trial... power cr process. B-533 


=SUPERHEATER, INC. 


Combustion Engineering Building * 200 Madison Avenue ¢ New York 16, N. Y. 
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Chemical Engineering Building 


Administration Offices and Chemical Laboratory 


S ncinal Lake 
LABORATORY 


When Pure Oil Company considered 
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building a Research and Development 
Laboratory at Crystal Lake, Illinois, 
Stone & Webster Engineering Corporation 
was engaged to make preliminary studies 
and estimates. It later designed and fur- 
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nished engineering supervision during the 
‘construction of the project. 


STONE & WEBSTER ENGINEERING CORPORATION 


A SUBSIDIARY of STONE & WEBSTER, INC. 
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Whether on land, in the air, or on water, 






transportation units depend on carbon black-rubber 




















compounds for much of their quiet, comfortable 
and smooth operation. 


Cabot Carbon Blacks make rubber tougher, ye, 

springier. They make the rubber cushions of train and 
plane more resilient and relaxing; they give rubber 
compounds their long service life as shock absorbers and 
vibration dampeners. Cabot carbon black applications 
increase rubber abrasion resistance and product life 

in automobile motors, bodies and tires; in airplane motor 
mountings and floor coverings; in the pedestal liners of 
train trucks; and in propeller shaft bearings of ocean liners. 


Whatever the mode of travel, however far you go, 
the trip will be better, because of carbon black. Cabot 
Carbon Black keeps rubber compounder, vehicle 
operator, and passenger equally happy. 


_a> _ 
GODFREY L. CABOT, INC. 
a> + 


77 FRANKLIN STREET, BOSTON 10, MASSACHUSETTS 
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To paraphrase a well-known quotation, 
“Old HRO’s never die!” Nor, may we hasten to add, do they “fade away.” 


In 1934, the year he got his amateur license, Gerard de Buren, 
HB9AW (Geneva), FP8AW (St. Pierre and Miquelon), purchased an HRO. He's still using 
it with prize-winning results. In 17 years, his HRO has helped him win one amateur 
award after another. Just this year, on St. Pierre and Miquelon Islands, he 
worked 1285 stations in 53 countries in 35 days! 


Enduring performance like this is built into every National product. 


oe 
NATIONAL COMPANY, Inc. 


MALDEN, MASSACHUSETTS 
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* * BASIC MACHINERY 


Hydraulic Turbines, 





H™ in a great steel mill, modern high- 
production machinery rolls out the 
sheets, rods, and billets of steel that are 
the backbone of industrial might and 
national progress. 


Driving main rolls in many of the world’s 
great mills are giant motors built by Allis- 
Chalmers—some as large as 25,000 hp. 
Supplying and controlling the tremendous 
amounts of electric power required to make 
steel are other Allis-Chalmers products— 
turbo-generators, switchgear and control, 


Steam and Crushing, Cement 


and 
Condensers Mining Machinery 





Centrifugal 
Pumps, Motors 
and Control 


ALLIS - CHALMERS <éc 


INDUSTRY FOR MORE THAN A CENTURY 








me TR 








Industrial Progress Starts with Steel 


transformers, mercury arc rectifiers. 


This is typical of Allis-Chalmers service 
to other major industries—for this one 
great manufacturer supplies important 
machinery for pulp and paper production, 
sugar, flour, cement making, mining and 
ore beneficiation. 

In fact, wherever you may travel you'll 
find Allis-Chalmers machinery and equip- 
ment serving the industries that serve you. 


ALLIS-CHALMERS MANUFACTURING COMPANY 
General Machinery Div., Milwaukee 1, Wisconsin, U.S. A. 


Flour Mills, Texrope 
Wood Processing V-Belt Drives 
Machinery and Motors 








Texrope is an Allis-Chalmers Trademark. 


FOR THE WORLD’S MAJOR INDUSTRIES * * 





For more profitable 


END 
MILLING 


... choose the right end mill 
from the extensive Brown & 
Sharpe line. By matching the 
end mill to your needs, you'll 
get faster, more efficient, and 
more profitable cutting. 
Brown & Sharpe offers 20 
styles of end mills with a com- 
plete range of sizes in each. 
Send for the catalog contain- 
ing specifications and prices. 
Brown & Sharpe Mfg. Co., 
Providence 1, R.I.,U. S.A. 
















These Choppers convert low level DC 
into pulsating DC or AC, so that servo- 
mechanism error voltages and the out- 
put of thermocouples and strain gauges 
may be amplified by means of an AC 
rather than a DC amplifier. They are 
hermetically sealed, precision vibrators 
having special features which contrib- 
ute to long life and low noise level. 







WRITE FOR CATALOGS .. 
#246B, 60 cycles, AC 
#280, 400 cycles, AC 
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Future. — Uncertainty accompanies any prophecy, 
but forecasts of events which may be expected to 
occur as much as a quarter of a century in the future 
are in a particularly precarious state. That the role 
of prophet is an unenviable one is clearly recognized 
by Proressor Joun B. Witsur, '26, whose imagina- 
tive vision enables him to discern (page 235) what 
may be in store for us two or three decades hence, as 
the result of progress in civil engineering. Although 
second only to military engineering in seniority, civil 
engineering is not the quiescent, staid branch of ap- 
plied science which many suppose it to have become 
because of age. As a matter of fact, as Professor Wil- 
bur points out, fundamental research now in progress 
in this field brings to civil engineering a new vitality 
and activity which is nonetheless significant even if 
not too widely recognized. As consulting engineer 
with Fay, Spofford, and Thorndike, of Boston, in ad- 
dition to his post as Head of the Department of Civil 
and Sanitary Engineering at M.I.T., Professor Wilbur 
is eminently qualified to discuss trends in civil engi- 
neering. He holds three degrees from the Institute and 
since 1930 has trod the traditional academic steps 
from instructor to head of a Department at M.I.T. 
Dr. Wilbur's article represents the text of an address 
given before members of the student branch of the 
American Society of Civil Engineers. The informal, 
somewhat humorous vein in which the article is 
written embraces a good deal of sagacity presented 
as coming from the mouths of alert Faculty members. 
Illustrations for this article are from the drawing 
board of Henry B. Kane, ’24. 


Past. — The steady march of daily progress occurs 
so gradually that it is only in retrospect that signifi- 
cant changes come into true focus. We have been wit- 
nessing the tearing up of streetcar tracks for many 
years now without being much concerned about the 
social and technological changes which such action 
makes in our way of life. The full impact of such evo- 
lution is ably discussed (page 240) by Henry BowEN 
BRAINERD, born in Wellesley in 1907, graduated from 
Harvard in 1929, and now a staff member of the In- 
stitute’s Instrumentation Laboratory where he is 
working primarily on problems of applied mathe- 
matics. Mr. Brainerd’s hobby is streetcar railroading 
and, with the love of a true amateur, he has served 
(from 1940-1951) as chief engineer, and is now vice- 
president of the New England Electric Railway His- 
torical Society. At Kennebunkport, Maine, this active 
and ambitious organization is building an operating 
museum of trolley cars, called the Seashore Electric 
Railway. It is from his all-absorbing avocation — and 
from co-operating members of the N.E.E.R.H.S. — 
that Mr. Brainerd obtained the material for his his- 
torical survey of streetcar transportation, including 
the timetables, maps, fare data, and local coloring 
mentioned in the imaginary trip from Needham to 
West Brookfiéld, Mass. All aboard! Ding! Ding! 


(Concluded on page 226) 
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OLYBDENUM DISULFIDE 
“ . 
asa L 


4 what do 
4 you know 
4 about MoS* 
4 asa 
« lubricant? 


3% Molybdenum disulfide 





You have probably heard reports, some 
enthusiastic, some conservative, of the 
remarkable properties of Molybdenum 


Disulfide as a new lubricant. 


For those who wish to review published in- 
formation on this subject, we have compiled 
a 55 page publication containing excerpts 
from authoritative technical papers, Copies 


are free—write now. 
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Please send your FREE Booklet 
“ MOLYBDENUM DISULFIDE AS A LUBRICANT” 
BLOCK LETTERS PLEASE 
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Pee : Climax Molybdenum Company 
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[_] Aircraft Control [_] Hearing Aid 


[_] Electrometer and GM [_] Long Life Industrial 
[_] Germanium Diodes and Triodes [ | Ruggedized 
[_] Special Purpose 


[_] Subminiatures of all kinds 


[_] Guided Missile 


Raytheon has designed and produced millions of 
such tubes — has he specialized technical skill and 
resources to meet your needs. Over half a million 
Raytheon Subminiatures are carried in stock. Over 
300 Raytheon Special Purpose Tube Distributors are 
ready to serve you. Application engineering service 
at Newton, Chicago and Los Angeles. 


RAYTHEON MANUFACTURING COMPANY 


Special Tube Section 
55 Chapel St., Newton, Massachusetts 
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(Concluded from page 224) 


Present. — Hundreds of millions of dollars are 
spent each year in the machine-tool industry for opera- 
tions which, at best, have an empirical basis and are, 
accordingly, imperfectly understood. In recent years 
the potent tools of scientific observation and analysis 
have been applied to a number of the more essential 
and fundamental operations in this field. As a result, a 
renaissance in metal cutting is taking place, according 
to Mixton C. Suaw, Associate Professor of Mechanical 
Engineering, whose article in this issue (page 245) 
outlines significant research at the Institute. Professor 
Shaw’s undergraduate training in mechanical engi- 
neering was received at Drexel Institute of Tech- 
nology, from which he received the B.S. degree in 
1938. During the next four years he was Cincinnati 
Milling Machine fellow at the University of Cincin- 
nati where basic work in chemistry, physics, and 
mathematics was taken, leading to the degree of doc- 
tor of science in 1942. In 1946 Professor Shaw joined 
the teaching staff of the Institute. Since 1950 he has 
been in charge of the Machine Tool and Metal Cut- 
ting Division of the Department of Mechanical 
Engineering. 
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Diefendorf designers 
engineers. 
All types and sizes. 


materials. 


CORP. 
Syracuse, N. Y. 





ARE WELCOME 


Because Diefendorf operation 
is planned for production on 
specifications—gearing prob- 
lems are always welcome to 
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MAIL RETURNS 








Pardonable Pride 


FroM RALPH LOWELL: 

I have read with a great deal of interest the copy of the 
December, 1951, Review containing the article “The 
Lowell Institute School” by Arthur L. Townsend. I am 
proud of the school we have at your good institution and 
appreciate all the work Professor Townsend and his Fac- 
ulty do in its behalf. 

Boston, Mass. 














Greene Engineers, Inc. 


Lockwood, 


12 contracts in the past 13 years 
for Columbia Broadcasting System 
Evidence of quality, low cost and speed. 
W. J. BARNEY CORPORATION 


FOUNDED 1917 
101 PARK AVENUE, NEW YORK 


INDUSTRIAL CONSTRUCTION 
Alfred T. Glassett, ‘20, President 
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Acetylene still shows the 





way 


Your nicest textiles—as well as vitamins, headache remedies, plastic garden hose, 


or welding on your car—may stem from this versatile gas 


FORTY YEARS AGO acetylene gas made from calcium 
carbide was used for home and street lighting, and was in 
common use for bicycle and automobile lights. Though 
these old lights have long since gone out, acetylene has 
gone on to chemical greatness. 


IN CHEMICALS —Today, acetylene is the parent of hun- 
dreds of chemicals and chemical products used to make 
plastics, insect sprays, vitamins, aspirin, sulfa drugs and 
many other things. 

Acetylene is the source of some of the basic chemicals 
in dynel, the new wonder textile fiber. It also goes into 
the Vinylite plastics used in beautiful home furnishing ma- 
terials, protective coatings, and a host of other products. 


IN METAL FORMING — In the production and use of 
metals, acetylene teamed up with oxygen has revolution- 
ized many industries. From mines-to-mills-to-manufacturer, 





UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include 


you will find oxy-acetylene cutting, welding and metal 
conditioning. 


50 YEARS OF PROGRESS-—The people of Union Car- 
bide have produced acetylene for over half a century. 
Through continuous research they have made many re- 
markable acetylene discoveries important in the lives of 
all of us. 


STUDENTS and STUDENT ADVISERS 
Learn more about the many fields in which Union 
Carbide offers career opportunities. Write for the 
free illustrated booklet “Products and Processes” 
which describes the various activities of UCC in the 
fields of Attoys, Carsons, CHEMICALS, Gases, and 
Piastics. Ask for booklet O-2. 


Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET UCC} NEW YORK 17, N. ¥. 








PrEST-O-LITE Acetylene - LINDE Oxygen » PRESTONE and TREK Anti-Freezes - BAKELITE, KRENE, and VINYLITE Plastics - SYNTHETIC ORGANIC CHEMICALS 


NATIONAL Carbons « ACHESON Electrodes « PYROFAX Gas + HAYNES STELLITE Alloys + ELECTROMET Alloys and Metals * EVEREADY Flashlights and Batteries 
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BECAUSE THERE IS A DIFFERENCE 


IN SAFETY Even Times Square can be danger- 

eee ous driving. On slippery roads like 
this, you want the “‘stop-on-a-dime”’ traction you get from 
a little extra tread “‘bite.’”” And on any road, you want the 
extra safety you get from a tougher tire body. Goodyear 
gives you this extra safety. 


: 


‘ 4 
; TLS stt 
a yea batt . 


IN On a rough road like this one 

eee on the Gaspé Peninsula, you 
want the most comfortable-riding tire you can buy. Good- 
year’s tire design gives you a smooth ride. Goodyear’s stronger 
cords flex easily to give you the extra resilience that absorbs 
bumps and road shocks. 


IN MILEAGE If you drove from New York City to Lake 

eee Washington, your tougher Goodyear treads 
would hardly show the wear. They’ll keep rolling safely long after less pop- 
ular tires are discarded. No other tire gives you the same safety, comfort 
and mileage. Car makers put more Goodyear tires on new cars; car owners 


buy more Goodyears than any other tires. That’s the best proof. 


More people ride on Goodyear tires than on any other kind 


GOODFYEAR 


Super-Cushion, T. M.——The Goodyear Tire & Rubber Company, Akron, Ohi 
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Henry Frank from Black Star 


“When is the Institute getting those 
new leakproof dinghies we've been 
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The Trend of Affairs 


Packaged Protection 


the United States are retailed in packages which 

are usually convenient in size, attractive, function- 
ally protective, and easy to open. For many years 
dried or partially dried foods have been sold in pack- 
ages, but now it is rapidly becoming common prac- 
tice to retail, in prepackaged form, fresh fruits and 
vegetables, fresh and cured meats, fish, and other 
sea-food products. In comparatively recent years food 
packages have become indispensable to our way of 
life. The trend toward the establishment of large su- 
permarkets and progress in the field of frozen foods 
have both contributed in large degree to the expan- 
sion of the prepackaging industry, for protective and 
attractive packaging has proved a stimulus to sales. 

Technological progress in food preservation in the 
relatively new field of food technology has also been 
a stimulus to the packaging industry. The develop- 
ment of many new types of foods, particularly of 
dried and of frozen foods, has been responsible for 
considerable research and progress in packaging. 
World War II was responsible for great advances in 
protective packaging for food rations, such as the K 
ration. These ration packages were required to with- 
stand all kinds of temperature and humidity, in addi- 
tion to rough handling. The packaging technologist 
has worked hand in hand with the food technologist 
in all these advances. 

In the Department of Food Technology at the In- 
stitute, research has been under way since 1946 in the 
field of food packaging technology. This program has 
been conducted by Arthur H. Landrock, “49, a techni- 
cal assistant in the M.I.T. Department of Food Tech- 
nology, under the supervision of Professor Bernard E. 
Proctor, 23, Director of the Samuel Cate Prescott 
Laboratories of Food Technology. The major aim of 
the program has been the development of new and 
improved test methods for studying the characteristics 


I: present-day food markets, nearly all foods sold in 
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of both food products and packaging materials, meth- 
ods which, it is hoped, may ultimately be accepted as 
official procedures for industry. 

A method recently developed by the Department 
as a result of this program permits the rapid deter- 
mination of the equilibrium relative humidity of foods 
and food products; that is, the relative humidity at 
which the substance neither gains nor loses moisture 
under given temperature conditions. This method, 
called a “graphical interpolation method,” is less com- 
plicated than other methods which have been used 
to yield the same data. 

According to the graphical interpolation method, 
uniform amounts of a given food product of a given 
moisture content are exposed to controlled atmos- 
pheres of different relative humidities for the same 
period of time (usually one hour) at a constant tem- 
perature. The gains or losses in weight by the samples 
are determined, and these values are plotted against 
relative humidity, with the gains appearing above 
and the losses below a “zero base line.” A smooth 
curve is drawn through the plotted data, and the 
equilibrium relative humidity is interpolated at the 
point where the curve intersects the base line. These 
steps are repeated for the same product at several 
other initial moisture contents. 

This method for measuring humidity equilibriums 
has been found applicable to any type of food prod- 
uct, whether powder, solid, liquid, or heavy syrup. It 
has the advantage of enabling considerable savings 
in time because of the simplicity of technique. 

The attractiveness of a package depends in part 
upon the grease resistance of the packaging material. 
The degree of grease resistance required is governed 
by the free oil or fat in the food product to be pack- 
aged. If the packaging material is not sufficiently 
grease-resistant, the free oil may cause undesirable 
stains. On the other hand, if the packaging material 
offers more protection than is necessary, the cost of 
the package will, obviously, be unnecessarily high. 
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The diagram above shows the construction of paper boxes 
used in determining the oil-staining properties of foods. 


cts on the basis of their free oil content have 
been extremely crude. To provide the food industry 
with a suitable method for measuring the ability of a 
food product to release oil or fat to stain a package, 
a quantitative method of measuring free oil has also 
been developed. Given weights of foods are stored 
under controlled conditions of temperature and hu- 
midity in standard, stapled, test boxes made from 
high-grade photographic blotting paper. After 48 
hours, the amount of oil transferred from the food to 
the box is determined by petroleum ether extraction, 
and is expressed in terms of milligrams of fat ex- 


Up to the present, methods used for comparing 
wa th 


tracted per gram of food. Recommended standard 
conditions are a temperature of 100 degrees F., rela- 
tive humidities of 30 per cent and 90 per cent, all sam- 
ples being of the same weight me filling the box 
shown at the left. Ether extraction periods of only 
three hours were found to be sufficient. 

Eighteen representative food products have been 
studied under these conditions. The amount of free 
oil absorbed by the test box was found to be about 
twice as much at a relative humidity of 90 per cent 
as at 30 per cent. Tests made with piecrust mixes of 
different fat contents indicated a logarithmic relation- 
ship between free fat and total fat content. 

The combination of available quantitative data on 
the free oil content of foods and the degrees of grease- 
resistance of packaging materials should enable man- 
ufacturers to package their oily products more 
satisfactorily. 

Present research activities of the Department in the 
field of packaging include a new method of measur- 
ing simultaneously oxygen and carbon dioxide per- 
meabilities of packaging materials, a method for 
measuring flavor and odor permeabilities of packag- 
ing materials, and a study of the effect of multiple 
components on the equilibrium relative humidity of 
mixtures of crystalline materials. 































Plastic Boats 


Monc the new materials to enter the field of small- 
A boat construction, none appears more promising 
than the glass-reinforced polyester laminates. These 
tough, strong plastics have tensile strengths in the or- 
der of 30,000 pounds per square inch and higher, and 
a resistance to impact that bears comparison with that 
of many structural metals. An illustrative application 
is that of a tie plate for railroad use, made of glass- 
reinforced polyester resin, and now undergoing 
service tests on the Erie Railroad. This plate, about 
one-foot square, is placed between rail and wood tie, 
and absorbs and distributes the loads of trains passing 
over the rail. The plastic plate is proof against cor- 
rosion, which is the greatest enemy of the standard 
steel plates, and has about one-quarter the weight of 
the steel. Since American railroads purchase about 
40,000,000 tie plates per year, this is no small matter. 
Numerous other structural applications of these lam- 
inates, particularly in airplanes, also exist. 

This same type of reinforced plastic is competing 
vigorously in boat construction with steel, aluminum, 
plywood, and laminated wood. The last two materials, 
of course, are also tributes to the plastics, since their 
utility in marine environments is due to water- and 
weather-proof bonding agents of synthetic resins. Un- 
like iron and aluminum, which have long been used in 
ship construction on large hulls, and which only 
lately have begun to appear frequently in smaller 
craft, the glass-resin laminates were first tried in the 
very smallest craft, such as rowboats and dinghies. 
Here mold costs were lowest, and less was at stake if 
the design proved faulty. Up to the present time, it is 
safe to say that the bulk of the production has been 
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in boats under 15 feet in length. The toughness and 
durability shown by these craft, the reduced problems 
of upkeep, the relative ease of repair, and the inherent 
possibilities of their production processes for large- 
volume production, have created a marked trend 
toward the development of much larger plastic hulls. 
The Coast Guard has reported that repairs to plastic 
hulls possess at least 70 per cent of the strength of the 
original hull. 

Although most of the larger designs are being built 
generally in prototype form for the military, small- 
boat owners can now buy standard plastic hulls up to 
about 24 feet long. In this connection it is interesting 
to learn that the fleet of dinghies, in constant use at 
M.I.T. since 1936 (and which now show signs of such 
wear as to make repair and maintenance a major 
problem) will be replaced this year. The new fleet will 
be similar to the original, except that Fiberglas will 
replace wood, and only such modifications will be 
made in the hull as are required to use the newer 
plastic process. The older boats, designed by Professor 
Emeritus George Owen, 94, of the Institute’s Depart- 
ment of Naval Architecture and Marine Engineering, 
have given universal satisfaction, according to Walter 
C. Wood, ’17, Sailing Master at M.I.T. Sample glass 
boats which have been tested on the Charles River, 
have been found entirely seaworthy and show every 
promise of meeting the rigorous demands of a colle- 
giate dinghy fleet. 

The glass-plastic hulls for the new dinghies can be 
obtained for the same cost or less than that necessary 
to build the fleet with wood, and there are good indi- 
cations that repairs and maintenance will be less with 
the glass-plastic boats than with their wooden coun- 
terparts. A substantial portion of the funds required 
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to replace the Institute’s well-known dinghy fleet are 
already on hand, and it is hoped that at least some of 
the new dinghies will be sailing on the Charles 
River by early June. 

The 40 new dinghies at M.I.T. will probably 
represent the largest number of glass boats in 
private use, although their 18-foot hulls will 
be dwarfed by many larger commercially 
available bottoms. What is believed to be 
the largest Fiberglas-resin yacht, as yet 
constructed, was completed last year 
for an official of a firm engaged in 
making plastic boats. This boat, a 
42-foot yawl, displaces 10,500 
pounds, of which nearly half is ° 
the lead keel. A comparable 
wooden boat would weigh 
about 16,000 pounds. It has 
the seamless, smooth con- 
struction, free of ribs or 


Reinforced plastics 
have been used to 
build seamless, one- 
piece hulls as large 
as that of the 42- 
foot ketch Arion 

built by The 
Anchorage, 
Warren, R.I. 


stiffeners, characteristic of molded boats, and a hull 
thickness that varies, as required, from about one- 
fourth inch to about one inch thick. 

Since the Navy, Coast Guard, and Army have need 
of many types of small boats, some of which have to 
be produced in large numbers on short order, they 
have been particularly interested in this development. 
To insure that the plastic hulls will be able to stand 
up under the very severe service that such craft must 
frequently endure, the services on a number of occa- 
sions have built hulls to substantially the same lines in 
plastic, plywood, laminated wood and metal, and are 
in the process of long-time tests under actual condi- 
tions of operation to determine relative merits. Among 
the various types, so far produced, are: a 12-foot 
wherry, a 21-foot rescue boat for shallow water (pro- 
pelled by a water jet); a number of lifeboats, about 
26 feet long; a 36-foot L.C.V.P. (landing craft) which 
has already been produced in five slightly differing 
versions and which may undergo large-scale produc- 


tion; and a 40-foot general utility boat which the 
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Coast Guard has also built in plywood, laminated 
wood, and steel. 

A contract has been placed for the construction of 
two prototype mine sweepers in glass-resin laminate. 
These boats are intended for shallow water and har- 
bor work, and will be 57 feet long with a 15-foot 
beam. Of lightweight laminates, these vessels will 
displace 30 tons. 

While plastic laminates can be made with a wide 
variety of plastics and reinforcing materials, there is 
a growing tendency to consider this phase of the plas- 
tics industry in terms of the polyester resins with 
fibrous glass reinforcement. The production of poly- 
ester resins was reported to be between 8,000,000 and 
9,000,000 pounds in 1950, and with it was used some 
4,000,000 to 5,000,000 pounds of fibrous glass. In 1951, 
polyester resin production rose to over 13,000,000 
pounds, and glass fiber consumption, in this field, to 
more than 7,000,000 pounds. Expansion in both resin 
and glass fiber productive capacity is continuing at 
a steady pace. 
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Better Pills 


i eases pillmaking is an art, a science, and big busi- 
ness. But at once we must state that the small 
objects swallowed in astronomical numbers by con- 
temporary Americans, and generally called “pills,” are 
by definition not pills at all but rather “tablets.” Pills 
are made by rolling; they date from former days when 
doctors and pharmacists laboriously prepared medi- 
cines by hand. Tablets in contrast are made by com- 
pression. As we shall see in a moment, tablets can be 
turned out at high speed and at low cost; vast quanti- 
ties are indeed made daily. An important though less 
numerous relative of pills and tablets are the gelatin 
capsules; the familiar telescoping hard capsule and 
the more recently developed but nevertheless well- 
known, soft gelatin capsule that looks like a tiny egg. 
But capsules are another story. 

The manufacture of compressed tablets begins with 
the making of a granulation, comprising the active 
ingredients plus inert materials (starches, sugars, and 
so on) called excipients, and sometimes also small 
amounts of harmless lubricants, such as fatty acids. 
The granulation must be skillfully designed so as to 
be cohesive under pressure. Its bulk must be carefully 
standardized, as the portion for each tablet is meas- 
ured volumetrically, yet the weight of active ingredi- 
ent must be correct within narrow tolerances. 

The finished granulation is fed to tableting ma- 
chines, completely automatic devices operating at 
high speed. Here the granulation is filled into hollow 
dies, into which plungers are then driven to com- 
press the granulation and unite it into finished tablets 
in a single stroke. By merely varying the die and 
plunger, tablets may be made in almost any desired 
size and shape. Either surface or both may be im- 
printed with lettering, or a trade-mark, engraved in 
reverse on die or plunger. 

The manufacturing technique described is aimed 
toward accomplishment of two diametrically opposite 
objectives. The tablet must, on one hand, be suffi- 
ciently cohesive and sturdy to be unharmed by pack- 
ing, shipping, and handling by the consumer. Yet, on 
the other hand, it must disintegrate and release its 
active ingredient almost instantaneously when swal- 
lowed, dropped into water, or however used. Skill 
in designing the granulation and in adjusting the tab- 
leting pressures achieve these aims. Accurate regula- 
tion of the bulk of the granulation, of the ratio of 
active to diluting ingredients, and of the volume of 
granulation compressed into each tablet effects exact 
control of the concentration of active ingredient per 
tablet. Thus doses can readily be made with accuracy 
as small as a few milligrams per tablet. 

Compressed tablets are often distributed exactly as 
they emerge from the tableting machine. The familiar 
aspirin tablet is of this sort. Or art may join science 
for beautification by coating, coloring, or polishing. 

Coating is done with sugars, in rotating pans such 
as are used to coat chewing gum and other confec- 
tions. During the coating any one of a rainbow of 
harmless food colors may be incorporated. Tinting 
has a minor purpose in making the tablet pretty, but 
serves an important function of identification even if 
tablets become separated from label containers. Such 
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positive identification is most important, for example, #4 


in hospitals. As a touch of high art, coated tablets 
are often given a brilliant gloss with wholesome 
waxes, again in rotating pans. 

Although the most familiar application of tablets 
is for administration of medicines, vitamins, and s0 
on, by mouth, tablets are useful wherever a dry sub- 
stance needs to be conveniently handled in accurately 
measured, small amounts. Thus a number of disinfec- 
tants and germicides are supplied in tablet form, and 
tablets are made for the convenient preparation of 
laboratory solutions of precisely known concentra- 
tions. Packages of prepared lemon-pie filling contain 
a tablet of citric acid to be added in the home during 
cooking. Those who count their calories may drop 
saccharin tablets instead of sugar into their coffee. 
In the food-packing industry, salt tablets are used 
to add exact quantities of salt to cans of vegetables 
just before sealing and sterilizing. Jumbo tablets are 
employed by bakers to add to doughs the necessary 
vitamins and minerals for enriched bread. 

Thus the tablet plays a larger role in modern 
domestic and industrial economy than even the 
average pill swallower is apt to realize. 


Fewer Bumps for Seaplanes 


reson World War II, one of the perplexing prob- 
lems confronting seaplane designers, was that of 
designing seaplane hull structures to withstand 
landings in high seas. For many years prior to this 
time, loads were estimated by empirical specifica- 
tions based on observation of performance of exist- 
ing seaplanes. During the latter part of the war, sea- 
plane performance increased so rapidly that it be- 
came dangerous to rely on a design load criterion 
based only on past experience. Consequently, the 
Bureau of Aeronautics, Navy Department, undertook 
several research programs for the purpose of devising 
rational methods of predicting seaplane landing 
loads. One of these programs emphasizing the funda- 
mental aspects of the phenomena of impact was car- 
ried out in the Department of Aeronautical Engineer- 
ing by Raymond L. Bisplinghoff, Associate Professor 
of Aeronautical Engineering and Carl S. Doherty, 
"48, of the Division of Industrial Coédperation staff. 

This program combined theoretical and experi- 
mental studies of the impact of two dimensional 
wedges with special emphasis on the shape of the 
free water surface as the wedge penetrates the water. 
Experimental studies of the shape of the free water 
surface were made by high-speed photographs of the 
piled-up water adjacent to the entering wedge during 
crop tests. The studies concluded that certain easily 
applied impact theories can predict the shape of the 
piled-up water and the force-time history during im- 
pact with satisfactory degree of accuracy. In addition, 
methods were indicated of relating the shape of the 
force-time curve during impact to the cross sectional 
shape of the wedge. Such methods may be of value 
to seaplane designers in lessening impact loads. It is 
believed that these fundamental studies of the phe- 
nomena of impact of wedges on a water surface have 
produced a better understanding of loads on sea- 
plane hulls during rough landings. 
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By JOHN B. WILBUR 
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Anyone who gazes into a crystal ball will probably find 
the trouble which prophecy invariably invites. Professor 
Wilbur does not expect everyone to agree with his long- 
range forecasts, especially since he does not necessarily 
believe all of the predictions which are, presumably, made 
by members of the Department of Civil and Sanitary En- 
gineering. Incidentally, Professor Wilbur absolves members 
of the staff of his Department of any responsibility in con- 
nection with their “quoted” remarks, 


The accompanying article represents the text of an ad- 
dress given at a meeting on December 11, 1951, of the 
student chapter of the American Society of Civil Engineers 
to which first-year students in Civil Engineering were in- 





vited. To be sure, the prophetic manner of presentation 
serves to stir the imagination of budding civil engineers, 
but it does more than that. It demonstrates rather force- 
fully that civil engineering —now in the transition be- | 
tween empiricism and rationalism —is a dynamic branch 
of engineering heavily dependent on basic science and a 
wide range of research programs already in progress. 


Possibly Professor Wilbur had his tongue in cheek in 
ing some of the prophecies in this article. Neverthe- 
less, those with a flair for looking beyond their noses can 
derive stimulation from a bit of fancy which — when the 
period of forecast has expired — may well prove to have 
fallen far short of its mark. — Ed. 

















HEN I was asked to give this talk on the 
W isa of civil engineering, I had some hesi- 

tancy as to the wisdom of accepting the in- 
vitation. It takes a brave and possibly a foolhardy 
man to peer into the unknown, and since I am not 
particularly brave, and I hope not too foolhardy, I 
should probably have felt it necessary to decline if 
it had not been for one thing, namely, the presence 
on the staff of our Department of an exceptionally 
able group of researchers. 

I am afraid that during the past month some of 
you have at times found it difficult to get into my 
office to discuss such weighty matters as whether or 
not I would permit you to drop fluid mechanics and 
substitute an easier subject. When Mrs. [William F.] 
Powers, my Secretary, told you that I was “in con- 
ference” you may have thought that I was probably 
either doing some consulting work or taking a nap. 
But such was far from the case. 

The fact is that I had called together a group of 
our professors and put the matter squarely up to 
them. We needed a crystal ball, and we needed it 
by the morning of December 11, at the latest. We 
organized a research team, and appointed Henry M. 
Paynter, Jr., 10-44, Assistant Professor of Hydraulic 
Engineering, as project leader. We were in confer- 
ence for as much as 18 hours a day for over a week, 
each of us bringing to bear all that his special knowl- 
edge could contribute to the problem. Professor 
Paynter had been given the grave responsibility of 
project leader because it was believed that in his 
electronic analyzer for nonlinear’ systems* he had 
already developed a device that more nearly ap- 
proached being a crystal ball than anything else in 
the Department. Arthur T. Ippen, Professor of Hy- 
draulics, was a member of the team because we 


1Research project on “Transient Stability of a Nonlinear 
System” for Research Corporation. 
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thought that the hydraulic analogy to the super- 
sonic flow of air? might have something to do with 
the problem; Murray P. Horwood, ’16, Professor of 
Sanitary Science, because it appeared hopeful that 
ultrasonic vibrations might have some effect on the 
future as well as on. bacteria.* Rolf Eliassen, 32, 
Professor of Sanitary Engineering, was a key mem- 
ber because it was unthinkable that any serious 
work could proceed on an ultramodern project with- 
out mixing in a few radioactive isotopes,‘ while 
Robert J. Hansen, *48, Associate Professor of Struc- 
tural Engineering, who had just returned from Op- 
eration Greenhouse in the Marshall Islands,* played 
a vital role in connection with those phases of the 
problem involving the blast of A-bombs. I must not 
neglect to mention the contribution of Thomas W. 
Lambe, 2-44, Assistant Professor of Soil Mechanics, 
whose last-minute solidification by chemical meth- 
ods,° of the quivering object assembled by our team, 
converted it into a stable and usable mechanism, 
nor indeed the genius of Herman J. Shea, ’33, As- 
sociate Professor of Surveying, whose immense 
knowledge of optics was instrumental in leading us 
to the conclusion that at least a portion of the 
surface of the ball should be constructed of a trans- 
parent material; and I cannot overstress the impor- 
tance of this, since otherwise we could not have seen 
into the ball after it was completed. 

2Research project on “Hydraulic Analogy to Supersonic 
Flow of Air” for Air Force. 

3Research project on “The Biology and Biochemistry of the 
Zooglea Producing Organisms Involved in the Activated Sludge 
Process” for National Institute of Health. 

*Research project on “The Efficiency of Present Water 
Treatment Methods in Removing Radioactive Substances from 
Water” for Atomic Energy Commission. 

5Research project on “Pacific Tests” for Corps of Engineers. 

*Research project on “Solidification of Soils in the Field 
of Chemical Agents” for Corps of Engineers. 
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I hope I have given proper 

credit to all those who con- 
tributed to this miraculous 
venture, for there is certainly 
enough credit to go around. 
In any event, under the dy- 
namic leadership of Professor 
Paynter, the crystal ball was 
not only built, but it was com- 
pleted 12 hours ahead of 
a seemingly impossible con- 
struction schedule, and even 
more important, it actually 
worked. I shall never forget 
Professor Paynter’s telephone call of last evening, 
asking me to come back to the Institute to see the 
completed brain child of this astounding group. 
Once again it had been demonstrated that in re- 
search, as in other endeavors, the teamwork of first- 
class minds can accomplish the practically impossible. 

Naturally our first concern was to determine 
whether or not the pictures of the future as seen in 
the Paynterscope (for by this time we had named 
the crystal ball after the man whose genius had, 
more than that of any one else, been responsible for 
its development) were authentic and reliable. This 
was a difficult thing to determine, since there ap- 
peared to be no foreseeable events in the future 
against which we could calibrate the device for ac- 
curacy. In this dilemma, Professor Shea once again 
saved the day. At his suggestion the time scale was 
set at 50 years ago last summer, and the space scales 
set on the latitude, longitude, and elevation of our 
summer surveying school, Camp Technology. Fortu- 
nately, the Paynterscope caught the camp on a clear 
day, and the boys were all out on stadia work. The 
picture was so clear that Professor Shea could read 
the instrument numbers on the transits. Since most 
of these instruments were still in use at camp, he 
was able to identify them, and this proved, to his 
satisfaction at least, that our device registered ac- 
curately on the negative time scale. On this basis 
he argued that, by extrapolation, we were justified 
in trusting the positive time scale, particularly since 
as long as we used the Paynterscope to foretell the 
distant future (which after all was of greatest in- 
terest) we wouldn't be around to be blamed if it 
eventually proved that our forecasts were incorrect. 
The logic of this argument was indisputable, and 
accordingly at quarter of eleven last night, a moment 
that will surely be recorded in scientific history, the 
time scale was set at 25 years into the future. With 
Professor Paynter at the controls, Mrs. Powers tak- 
ing notes, and the rest of us gazing in wonder at 
the screen of the Paynterscope, we were away on 
our exciting journey into the future! 

If I look haggard this evening, it is because we 
kept glued to the Paynterscope until the bells rang 
this morning for our nine o'clock classes. Mrs. Pow- 
ers has spent most of today typing up her notes of 
what we said, so there hasn’t been time to put them 
into very good shape for tonight’s talk. They have, 
however, been arranged according to the different 
divisions of civil engineering, and the speaker is 
identified by initials for each statement recorded. 








It is difficult to know where to begin, but since 
it all happened because we were transported 5 
years into the future, let’s start with transportation 
engineering. I'll have to follow my notes pretty 
closely on this: 

].B.B.° 
But what's that long thing that looks like a cater. 
pillar stretching across the state of Ohio? 

It's a conveyor belt. Looks like they’re hauling 
ore to the Great Lakes. 

Hold it! Let’s look at that open field again! | 
thought so! It’s an airport now! They've just 
sprayed it with calcium acrylate! 

Let’s tune in on Boston. I want to see how the 
traffic situation is. Say, look at those cars gol 
They've really gone to town on those supersky- 
ways! And look at all those multistory parking 
garages! No more parking on the streets! 


A.J.B. 


T.W.L. 


A.B. 





And look how they’ve developed the subway 
system and the big parking areas at their termi- 
nals in the suburbs! That's certainly keeping a 
lot of cars out of the city! 

I see they’ve added another tube to Sumner 
Tunnel and the East Boston skyway’s still there. 
Let’s look at the airport. 

It isn’t an airport any more; it’s a rocketport 
now. Look at those launching devices for the 
transatlantic rocket ships! What's that big one at 
the far end of the field? The sign says: “Restricted 
— Operation Polaris”! I wonder what that is? 

Did you see the terminals of all those pipe 
lines? I noticed that they had a lot of pipe Fines 
all through the Middle West. I guess most fluids 
are being carried that way. 

ss at put the railroads out of business! 

Maybe not, but look at those trailer trucks! I 
guess they’ve grabbed most of the interurban 
business! No wonder! Look at all those super- 
highways! Aren’t they beauties? All dual lane and 
limited access. Looks, too, like they’ve gone in 
for black-top in a big way — at least here in New 
England. 

That isn’t black-top, Professor, it’s calcium 
acrylate! 

No, it isn’t. It’s rubber! 

That’s utterly impossible! Why, just last week 
I proved conclusively that it would never be eco- 
nomically feasible to surface roads with rubber! 


R.J.H. 


A.J.B. 


AJB. 


T.W.L. 


j.B.B. 
A.J.B. 


*See reference key at end of article, page 260, for full 
names and titles. 
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Look! What a relief! They’ve still got railroads! } 
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j.B.B. Maybe so, but there it is! What I want to know 
is: where did they ever get all the civil engineers 
to build all these things? 

AJ.B. And where did they get the money? 


Before leaving the subject of transportation engi- 
neering, I would like to add a few comments of my 
own. It was apparent that the spheres of operation 
for the different modes of transportation were be- 
coming more clearly defined. Thus the long haul 
of heavy solids (with the accent on speed), was 
dominated by the railroads on land and by ships at 
sea, while the long haul of fluids, especially on land, 
was accomplished by pipe lines. For the long haul 
of passengers and of lighter goods, air transportation 
held practically a monopoly whether over land or 
sea. For shorter hauls, however, whether of heavy 
goods, light goods or passengers, the motor vehicle 
led the field, with two important exceptions: namely, 
the transportation of heavy solids by conveyor belts 
along lines of exceptionally heavy traffic, and of pas- 
sengers by rapid transit systems in congested areas. 

This clarification of function, together with appli- 
cations of new technological developments, had led 
to transportation that was not only faster and more 
comfortable, but most important of all, less expen- 
sive. This had contributed effectively to raising the 
standard of living, not only because it reduced the 
cost of the distribution of goods, but because better 
transportation, together with better systems of com- 
munication, made it practical to co-ordinate business 
and industrial activities at locations some distance 
from each other. This had ac led momentum to the 
current trend toward decentralization of our cities, 
with the result that more people could live, work, and 
play in areas that were less congested. And behind all 
this, the civil engineer played the important role of 
providing the basic ground facilities for transporta- 
tion — a service so vital that it touches on every sphere 
of human endeavor. 

But let’s get back to the Paynterscope and my 
notes, in which the next general heading is Hydrau- 
lic Engineering: 

A.T.G. Look at that string of hydro plants along the 
Connecticut River! You wouldn’t think there was 
enough head on them to make them pay! 


More efficient hydraulic turbines and hydrau- 
lic structures — that’s the answer; not so much 
lost head. They're using the water to better ad- 
vantage. I guess they have to. After all, the supply 
of water is limited. 

A.T.L. That’s why there’s so much emphasis on multi- 
purpose river development. It isn’t just power. 
Look how they’re combining power, flood control, 
irrigation, water supply, and to some extent 
navigation. 

H.M.P. There’s an atomic energy plant. They're gen- 
erating nuclear power as a by-product, but 
nuclear power doesn’t seem to be too important 
in the dwn power picture. 

A.T.G. No, it’s too expensive. It’s used more for spe- 
cial applications where price is secondary — sub- 


MARCH, 1952 


].B.W. 


A.¥.4. 


H.M.P. 


A.T.L 


H.M.P. 


A.T.G. 


D.R.H. 


R.E. 


A.T.G. 


H.].S. 


A.T.L. 


A.T.G. 





marines, for instance. It hasn’t had much effect 
on water power. Did you notice how they're 
en | water from one drainage basin to an- 


other? They don’t seem to think anything of that, 
do they? 
Or of backing up their hydro plants with wind 
reneep Did you see those batteries of wind tur- 
ines all through the mountains of New Mexico? 


They're _conserv- 
ing their coal and 
oil, and that’s why 
they’re developing so 
much hydro and 
wind power. But I 
want to know what's 
going on in the rest 
of the world. Let’s 
look at Africa. How 
about it, Hank? 





Righto! Just a minute, now. Here we are! 


I guess you didn’t hear me. It’s Africa I 
wanted. 


This is Africa. You just don’t recognize it! 


Sure, it’s Africa. Look at all those hydro plants 
along the Congo River! Now, that’s really worth 
waiting for! 


What's happened to the deserts? Most of them 
are under cultivation! That’s what I call irrigation! 


They must have changed the chemical content 
of the soils and added organic cultures, or the 
couldn’t grow crops in the deserts, even wit 
plenty of water. And they must be dealkalizing 
and desilting the water so that the soil doesn't 
get salty and clogged. If I didn’t see it, I wouldn’t 
believe it! 


Nothing to it, Herman. They run the irrigation 
water through treatment plants —just a little 
problem in sanitary engineering. 


The hydrologists are working with the meteor- 
ologists, too! I always said they would come to it! 
Look! They're a artificial rain over the 
drainage basin of the Nile! 


It’s a good thing that they're doing all this; 
with its big population the world would be under- 
fed if they Sdn’ They need to grow food under 
practically every condition of climate, and they’re 
doing it. 


Drainage is important, too! See how they’ve 
drained that jungle, and put it to crops! 


There’s a river that hasn’t been developed yet. 
Looks like they're just getting around to it. What 
are those airplanes doing up there? 


They're survey- 
ing the site! No 
more plane tables, 
boys. It’s all pho- 
togrammetry now! 




























A.T.G. 


Yes, but what's that airplane doing ‘way over 
there on the horizon? That one isn’t even over the 
drainage basin. 


H.J.S. It’s prospecting for gravel for the dam. That’s 
the way they do it now. You can spot it from the 
aerial photos — even subsurface gravel, if it isn’t 
too Géép. 

J.W.D. They seem to be blasting down by the dam 
site. That’s funny — there isn’t any rock down 
there. 


D.W.T. That's a seismic investigation of subsoil con- 
ditions. And just when I’m getting my new bor- 


ing device perfected! 


Down there where they're starting to build 
the first dam — what’s that chap doing sitting by 
that radio? 


That’s not a radio. It’s an automatic electronic 
surveyor. It’s giving them lines and grades for the 
dam. See that fellow up on the spillway? He’s the 
rodman — only he doesn’t carry a rod any more. 
See how he’s holding that electronic target? 


There are more notes here, but time is short, so 
I'll try to summarize them. Africa had indeed be- 
come the breadbasket for Europe, and in this great 
conversion, American capital, initiative, and the skill 
of hydraulic engineers had played major roles. With 
growing populations it had become necessary to 
grow food under all conditions of climate, and water 
was, of course, the key to this situation. Our hy- 
draulic engineers, benefiting greatly by advances in 
aeronautics, oceanography, and meteorology, had so 
increased their skills in both hydraulic design and 
hydrology that water, one of our most basic natural 
resources, was being conserved in the true sense; 
that is, it was being used wisely in serving the needs 
of mankind. And they were doing this in a manner 
such that topsoil —that thin upper crust of earth 
upon which the food supply of the world depends — 
was conserved and used, rather than swept into the 
sea by erosion and floods. More extensive develop- 
ment of.water power and the rapid growth of wind 
power was also important in connection with the 
conservation of nonrenewable fuels. This long-range 
point of view had been an important factor in lead- 
ing to water- and wind-power developments all 
over the world, many of which, by the narrower con- 
cepts of engineering economics so prevalent 25 years 
earlier, would not have been considered as economi- 
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I have separated sanitary engineering from hy. 
draulic engineering in my Paynterscope notes, be. 


cause while the former has much to do with water 
it is more concerned with those biological and cheni. 
cal processes by which it can be made to serve the 
needs of mankind more effectively. Under this head. 


R.E. 


C.N.S. 


R.E. 


W.ES. 


M.P.H. 


C.N.S. 


W.E.S. 


C.N.S. 


R.E. 


W.E:S. 








ing, the following comments may be of interest: 


What I want to know is: Are the sanitary engi- 
neers really on their toes so that they appreciate 
the importance of the basic sciences, or have the 
chemical engineers taken over some of the fields? 


Stop worrying, Rolf. The sanitary boys are 
right on the ball! See how they're treating all 
those industrial wastes? That’s a really important 
part of sanitary engineering, now. 


You're right, Clair. Thank goodness for that! 
See how they're treating the discharge from that 
atomic-energy plant! And at that film manufac- 
turing plant they’re treating the water before they 
use it, to get rid of any trace of radioactive 
substances. 


The hydraulic engineers can’t take all the 
credit for conserving our natural resources. Don't 
those streams and lakes look fine? No more 
pollution! 


That’s wonderful for the health of the public. 


And for recreation, too. I wouldn’t mind get- 
ting out my rod right now, and trying for a trout 
in that stream. And swimming! The Charles 
River didn’t used to be fit to swim in. 


Those water-treatment plants on the Hudson 
don't look very big. 


They don’t have to be big. They’re using new 
processes that are a lot quicker. They handle the 
water at such a high rate that the plants can be 
small. 


That’s important, because they don’t cost as 
much, That's why they can afford so many of 
them. Look, practically every town is treating 
its water! 


That goes for sewage plants, too. They're 
certainly using faster methods of treatment. Say, 
there’s an interesting thing! Notice what they're 
doing with the sludge from the sewage plants and 
the refuse from the cities. They're not burning up 
the organic matter any more; it’s all being used 
for fertilizer! And the effluent isn’t being dumped 
into the ocean; it’s either being used for irrigation 
or being pumped back into the ground to raise 
the ground water level! That ought to help re- 
lieve the water shortages! 


R.E. It ‘surely. does!. Even so, 
they're being pushed for new 


water sources, especially in 
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the big cities. Look at those new plants along the 
shore on Long Island! They’re treating sea water 
chemically and using it to help out the water 
supply for New York City! 

W.E.S. I wonder if they've done anything about cor- 

rosion? We used to lose a lot of our water through 

leakage. 

C.N.S. They certainly have! The treatment plants 

almost all include one treatment to make the 

water noncorrosive, and everywhere else the 

pipes are lined with special plastics! 


I think that these remarks will give you a good 
idea of the future of sanitary engineering, but I'd 
like to stress a few points. The major advances had 
been achieved as a result of basic research in biology 
and chemistry, and had led to new methods of treat- 
ment that were both rapid and economical. Speed 
of treatment was especially important since this led 
to much smaller treatment plants, which, being 
cheaper to build, had become economically available 
to almost every city and town for both water and 
sewage. This was equally important in the field of 
industrial wastes, since industrial plants were more 
willing to attack this problem voluntarily and it had 
become less necessary to resort to legislative pres- 
sure. In this connection, the reclamation of by- 
products from industrial wastes — often leading to 
financial returns that exceeded the cost of treating 
the wastes — was a noteworthy factor. 

The sanitary engineer had without doubt become 
a key figure in the battle to conserve our natural 
resources, not only by helping to use our water more 
effectively and reclaiming for re-use the solids from 
both sewage and industrial wastes, but by cleaning 
up our lakes and streams, leading to larger crops 
from our wildlife, as well as greatly improved rec- 
reational facilities. 

Let us return for the last time to my notes; this 
time for structural engineering, including foundation 
engineering. Of course, many of the structures we 
saw on the Paynterscrope had been built in connec- 
tion with transportation engineering, hydraulic engi- 
neering, and sanitary engineering. Yet, for conven- 
ience, I have grouped the following remarks into a 
separate section. 


E.M. That railroad bridge seems to be welded. I 


guess they aren’t worried about the effects of im- 
pact loads and stress reversal on welding any 
more. 
C.H.N. Yes. Practically all the metal structures are 
welded — even that aluminum arch! 


E.M. Aluminum? It looks as though the price must be 
‘way down. Probably the wartime aluminum ca- 
pacity has led to that. But notice the lighting on 
that elevated expressway. Continuous fluorescent 
lights along the handrails, isn’t it? And aren’t a 
using radiant heating in the floor slabs to melt 
the snow and ice? 

M.].H. Yes, they are. And notice that it’s a concrete 

viaduct. Prestressed concrete, too. Look at the 

length of those spans! They've certainly cut the 
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dead weight out of the structure, and they must 
be using higher working stresses. Why, there’s a 
concrete arch with a span of 1,500 feet! Who said 
that concrete couldn't be used for long-span 


bridges? 


You call that a span? How about that suspen- 
sion bridge? It must be at least two miles between 
the towers! 


It is! But do you know how they've done it? 
The cables are spun of glass threads. They're 
stronger than wth peor oa A are working stresses 
of a quarter million pounds to the square inch! 
They're using glass cables to prestress concrete, 
too! 


Look at that continuous cantilevered Vierendeel 
truss with the inverted spandrel arch stiffenin 
trusses! What an idea for the final exam in 1°41 


Those thin shell concrete domes are even 
better! The boys could never figure out one of 
those. I couldn't even do it myself! Those domes 
must be at least 1,000 feet in diameter, and they 
aren't over six inches thick at the crown. Talk 
about your eggshell construction! I'll bet they're 
prestressed! 


And the thin rectangular dome roofs on those 
industrial buildings. They must have a clear 
working span of at least 500 feet! 


Have you noticed that most of the industrial 
buildings are single-storied? That must be vane d 
on account of decentralization and using lower 
cost land. 


And that must account, too, for the fact that 
there aren’t more skyscrapers. That 150-story 
building on Manhattan is a corker, but on the 
whole the other buildings aren’t much higher 
than we build them today. 


I noticed five heavy buildings in Boston that 
must have been designed to resist A-bombs, but 
I’m surprised that there aren’t more of them. 
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J.M.B. 


Maybe they didn’t have an atomic war after 
all, and didn’t have to go on building them. You 
know those A-bomb buildings in Boston must be 
on piles to bedrock. The Boston blue clay would 
never hold them up! 


(Continued on page 254) 
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very much like the country we know today, and 

very different. It had many of the same houses, 
the same cities and towns, the same daily papers, the 
same politics, the same scandals. Although radio, 
movies, and television were only fantastic dreams, 
today’s jokes were heard in the variety shows, and 
the dramatic companies, at the local opera house, 
used the same plots we now witness. Running water 
was available in cities and in the larger towns, and 
telephones and electric lights were coming into gen- 
eral use. 

To outward appearances, at any rate, the biggest 
difference between the nation of 1952 and that of 
seven decades earlier was in local transportation. In 
the half century, from 1830 to 1880, the railroads had 
grown from a few small beginnings to a network 
reaching every worth-while town in the nation, and 
canals and stagecoaches had declined to insignifi- 
cance. Nevertheless, local public transportation was 
pretty much limited to the larger cities, and was slow 
and fairly expensive. Private transportation, by horse 
and buggy, was a necessity for the farmer, but it was 
still a luxury for townspersons, even the more pros- 
perous ones. 

The horsecar had gotten its start in New York in 
1832 as a downtown extension of the New York and 
Harlem Railroad. For nearly 20 years, this one line 
plodded along, and then suddenly, in the 1850's, a 
craze for horsecars swept the larger cities. Economic 
reasons were partly, if not largely, responsible for 
this trend, for, on a track, a horse could haul about 
twice the load that he could pull over rough cobble- 
stones or rutted dirt roads. But the spirit of the times 
also contributed to this new mode of transportation, 
for the iron horse was revolutionizing the way of life 


['e United States of the latter 1880’s was both 


Along Pennsylvania Avenue in Washington, D. C., a heavily coated motorman in open vesti- 

bule operates a closed car with glass windows for the Capital Transit Company. A solitary 

passenger occupies the second car which is open. Arc lights and Oliver typewriters were in 
vogue when this photograph was made. 





Stepbrother to the Iron Horse 


throughout the entire country, and anything that ran 
on rails simply had to be good. 


Although the horse was slow, of limited power, 


expensive, and short-lived, many people held it to be 
axiomatic that no mechanical contrivance could ever 
improve on him. Yet the inventors kept striving. 

In meeting the transportation needs of the day, a 
few hardy pioneers turned to steam power, which 
was tried and proven. On street railways, they used 
miniature locomotives called “steam dummies,” dis- 
guised like cars so as not to scare the horses. Although 
effective, the steam cars were smoky, noisy, and ex- 
pensive. Out of San Francisco, daring Andrew §,. 
Hallidie conquered the steep hills by using a station- 
ary steam plant to move an endless cable in a slot 
between the car rails and equipping each car with 
the gripper which allowed it to take hold of the cable 
or to release it as desired. Cable cars were economical 
to operate, quiet, clean, and somewhat faster than 
horsecars, and these advantages outweighed the ob- 
jection of high initial cost. Consequently, in the last 
quarter of the Nineteenth Century, lines were built 
and cars operated in New York, Chicago, Philadel- 
phia, St. Louis, Oakland, Denver, Washington, Kan- 
sas City, Cleveland, Providence, Seattle, Baltimore, 
Brooklyn, Los Angeles, Hoboken, and Omaha. 


From Horsecars to Electricity 


Meanwhile, other inventors were experimenting 
with that invisible, imponderable, exciting form of 
power known as electricity. Some inventors employed 
the heavy, bulky storage batteries as the source of 
motive power without much success, while others 
transmitted power by overhead wires with which the 
cars made contact as they moved. There is much 
dispute as to whether Leo 
Daft, Charles J. Van De- 
poele, Frank J. Sprague, 
or Elihu Thomson pro- 
duced the first successful 
electric car. It is conceded, 
however, that the 40 cars 
Sprague equipped with 
motors at Richmond, Va., 
in 1888 constituted the 
first large-scale electric 
railway operation. 

At that time the coun- 
try’s largest street railway 
was Boston’s West End 
system, which then owned 
8,000 horses. In 1889, fol- 


= hve ot lowing his Richmond in- 

oe we i g 
eS "PG it AB stallation, Sprague came 
to Boston to install a street 


railway system run by 
electric power. The same 
year, the Thomson-Hous- 
ton Electric Company, 
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During Their Heyday, between 1880 and 1915, 
Trolley Cars Supplied Interstate Transportation 


by Railway Systems of Interconnecting Networks 


By HENRY B. BRAINERD 


In New York’s Batt 


which had bought out Van Depoele and combined his 
inventions with Thomson’s, installed their electric 
system on a West End line in Cambridge. 


Significance of Street Railways 


That marked the turning point for electric traction. 
In 1890, a survey by the Boston Advertiser showed, 
there were 60 cities with trolley lines either in oper- 
ation or under construction. From then on, the growth 
of electric trolley systems continued to be rapid. Soon 
every city of any size had its trolley system, and sub- 
urban and rural lines were extended and intercon- 
nected until it was possible to travel long distances 
without resorting to “steam cars.” 

The network of urban and suburban lines, which 
sprang into being toward the end of the Nine- 
teenth Century, ushered in a new phase of public 
tansportation over moderate distances which had 
important social and economic significance. The im- 
portance of this development has not always been 
sufficiently appreciated, nor has it been properly 
understood; certainly, it has not been adequately 
chronicled. Nevertheless, this technological develop- 
ment opened up, for the first time, the possibility of 
suburban living even though the full impact of sub- 
uwban life was not to be realized until decades later 
when the automobile became commonplace. With 
interurban lines operating between towns and ex- 
tending into the country, the city dweller could be 
feed from the restricted confines of the metropolitan 
area. Now the poor man could ride many miles to 
the beach or to the picnic grounds for only a nickel, 
and he could arrive at his destination more quickly 
ind comfortably than the rich man in his carriage. 

The power plant of a typical early line consisted 
of one or two 500-volt, direct-current generators belt- 
driven by reciprocating engines. Each unit was us- 
wally rated at no more than 100 horsepower. Power 
fom the generating station was transmitted either 
Via feeders or directly by the trolley wire to cars 
each carrying one or two 15-horsepower motors. In 
the Sprague system, the motors were controlled by 
adrum switch at either end of the car, connecting to 
resistor grids underneath, while the Thomson- 
Houston system provided a circular rheostat some 
three feet in diameter, with a chain-and-sprocket 
connection to a hand crank at each end. However, 
the Thomson-Houston rheostat soon disappeared. 
Speeds of 10 to 15 miles per hour were typical. 
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Park district, a jaywalking pedestrian decides to watch out for traffic, after narrowly escaping being run 
down by a four-wheel horsecar of the Belt Line which operates between South Ferry and Central Park with a crew of two. 


















Sometimes the cars were horsecar bodies mounted 
on electric motor trucks, but more often they were 
newly built for the job, being somewhat larger than 
the horsecars, but of the same design. The typical 
closed “box” car for cold weather had only four 
wheels, seats facing lengthwise, end platforms open 
to the air between the waist-high dash, and the over- 
hanging roof, and a body that curved inward below 
seat level. The curved sides were a last vestige of the 
stagecoach, which had to be wide at seat level but 
narrow between the wheels. For summer, there were 
open cars with benches clear across the width of the 
car and a running board along the full length of each 
side, as shown above for the horsecar. 

With different types of cars for summer and winter 
use, a trolley line had a double investment in cars. 
Perhaps the extreme in the large number of cars used 
for a small system was reached in the Newton Street 
Railway. This line ran three cars, and in rush hours, a 
horsecar would be coupled behind each motor car. 
A spare car was needed of course, so rolling stock of 
this line consisted of four box cars and four open 
motor cars, four box horsecars, and four open horse- 
cars, and “one old horsecar used as a sand car.” Hence, 
a total of 17 cars was employed to support operations 
which did not normally require more than three cars 
at a given time. 

Track construction had made great strides since 
iron straps on wooden stringers sufficed for the first 
horsecars. On paved streets, the 1890 trolley ran on 
a six-or-seven-inch girder rail weighing around 80 
pounds to the yard, with a groove or a step for the 
flange. For unpaved roads and open right of way, the 
track was usually a 40-to 50-pound T rail of the 
American Society of Civil Engineers standard section. 

Although it had not been successful for traction, 
well-informed people believed that the storage bat- 
tery would soon be improved sufficiently to warrant 
its satisfactory use in vehicles. About 1894, the pro- 
moters of the Newton and Boston Street Railway 
argued that their line should be allowed to use 
wooden poles to support their trolley wire instead of 
the more expensive iron poles, because by the time 
the wooden poles were worn out, practical storage 
batteries would be available, and then the trolley 
wires would be taken down. Hope for better primary 
batteries was not dead either. As late as 1897, a civil 
engineer, building Boston’s South Station, remarked 
that the locomotive of the future would use “a lump 
of zinc the size of your fist” as a day’s fuel supply. 
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Railroad Empires in Miniature 


Trolley systems of the 1890's were railroad empires 
in miniature. They had the same cutthroat rivalries — 
political and financial — and much the same romance. 
Steam-railroad men had a good-natured contempt for 
trolleys, though when a suburban line competed with 
established steam service, this became bitter animos- 
ity. But trolley men referred to their occupation as 
“railroading” with every inch of pride that the word 
could carry. 

By 1900, the trolley car was firmly established as 
an important means of passenger transportation. 
True many outlying lines were not yet paying, but 
the number of street railway passengers was doubl- 
ing every 10 years, so it was thought to be merely 
a matter of time before accounts would be kept in 
black ink instead of red. In the cities the major 
problem then —as now —was how to handle the 
crowds. Most companies operated the larger cars 
with two four-wheel trucks by 1900, but even these 
were not big enough for all the passengers who 
wanted to ride. About this time, enclosed vestibules 
and air brakes were generally adopted, and the 
newer closed cars were built with squared-out sides 
and cross seats. Car speeds were usually 20 miles 
per hour and might reach 25 or 30 miles per hour. 
In Boston there had been a perpetual traffic jam of 
trolley cars, relieved only by the opening of Amer- 
ica’s first subway, under Tremont Street in 1897. 
With two or even four 40-horsepower motors per car 
commonplace by 1900, power demands were larger 
than a decade earlier, and generating capacity had 
been increased accordingly. Alternating-current 
power, transmitted at high voltage to converter sub- 
stations, was being tried here and there. Capital and 
labor costs for converter stations were about as much 
as that required for steam stations, and the large 


Map of the route between Needham and West Brookfield, Mass., which could be traveled 
entirely by trolley rides in 1914. Automobile highways traverse essentially the same route. 


M.1.T. Illustration Service 


capital cost of transmission lines offset the smal 
saving which better fuel efficiency in the large cep. 
tral station afforded. 

About the turn of the century, electric railway 
construction shifted from the city to the country, and 
the next 15 years saw the completion of an extensive 
network of long-haul, high-speed, interurban lines 
The most extensive of these was the network extend. 
ing from mid-New York State to St. Louis, Chicago 
and Milwaukee, but other similar lines made con. 
nections between such points as Boston and Wor. 
cester, Philadelphia and Allentown, Los Angeles and 
San Bernardino, Ogden and Salt Lake City, and At. 
lanta and Stone Mountain. These lines made use of 
existing trolley tracks in the cities and often built 
their cross-country rights of way to the same stand- 
ards as a secondary steam railroad. So far as the 
curves and clearances of city trackage would permit, 
the interurban cars likewise approached steam rail- 
road standards of size, weight, comfort, and appear- 
ance. Steam railroad developments in the use of steel, 
first in underframes and then for entire cars, were 
promptly adopted for interurban and for new city 
cars. Motor sizes increased with car weight. Speed 
between towns was seldom less than 30 miles per 
hour, and top speeds up to 60 miles per hour, were 
not uncommon. 

The improved efficiency of large generating plants 
led to the general use by interurban lines of alter- 
nating-current transmission. Power was usually gen- 
erated at 25 cycles, and transmitted to substations 
where it was converted to 600-volt, direct current 
and fed to trolley lines. A few lines used 1,200 to 
1,500 volts direct current with heavily insulated 
motors in series pairs, and a few others used 25-cycle 
traction motors. But the majority stuck to 600-voli 
direct current, for which standard equipment was 
readily available. Most of the high-voltage and alter- 
nating-current lines had 
their cars arranged to use 
600-volt direct current 
within city limits. 
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Trip by Trolley 


At the height of trolley 
railway systems, it was 
possible to make fairly ex- 


5 Pe, necting street railway sys- 
a tems. The Bay State Street 
Railway was the giant 
among trolley systems 
4 with a network of more 
Ne than 900 miles of track 
between its farthest south- 
ern point at Newport, R.L, 
and its farthest northem 
point at Nashua, N.H. 
Few persons utilized the 
full mileage of such sys- 
tems in a single trip, but 
shorter trips were exceed- 
ingly common and provid- 
ed week-end diversions. 
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To visualize travel by trolley as it was at its height, 
let us turn back the calendar to 1914 and make an 
imaginary trip between two modest Massachusetts 
towns, Needham and West Brookfield. For purposes 
of orientation, it may be well to recall that Needham 
is just beyond the outskirts of Boston, while West 
Brookfield is 22 miles west of Worcester, so our trip 
will cover a distance of 57 miles, along the route 
marked by the heavy line on the accompanying map. 

In Needham Square we board the car of the Mid- 

dlesex and Boston Street Railway (a merger of the 
suburban lines west of Boston) for Wellesley. The 
bright yellow car is a tiny, old four-wheeler, and is 
far from full. Two things have contributed to the 
lightness of travel on this line; people tend to travel 
toward and away from Boston rather than between 
towns at about the same distance, and new houses, 
which would support heavy traffic on the line, have 
not been built to the extent expected. In time the 
conductor comes through the car, collects the $0.06 
fare, and issues a punched transfer enabling us to 
continue our journey on this line to Wellesley Hills. 

The four-mile trip from Needham Square to Welles- 
ley takes slightly more than 15 minutes. About half 
of the way, the track runs on the right side of the 
street, then it crosses to the left side for the remainder 
of the distance. This is typical of country trolleys. 

At Wellesley, we have only a few minutes’ wait for 
the car from South Framingham to Newton. It is the 
same bright yellow, but a much bigger car than the 
one in which we just rode. It was built in 1902 for 
the Boston Suburban Electric Company when they 
bought up the local lines which they merged to form 
the Middlesex and Boston in 1907-1908. The con- 
ductor comes to our seat to collect our transfer for, 
in the earlier days of streetcar transportation, it was 
possible to walk through a car; one might even get 
a seat. By 1914 many city systems had adopted a pay- 
as-you-enter fare collection, but this method had not 
spread to the Middlesex and Boston Street Railway. 
After five minutes, and a mile and a half of roadside 
single track, we make a sharp turn across the street 
and enter the Wellesley Hills turnout. This is the 
longest distance between turnouts on the whole line, 
and with a car every 15 to 20 minutes in each direc- 
tion, it is a frequent source of delay. 

It is in Wellesley Hills that we change to the Bos- 
ton and Worcester Street Railway, commonly known 
as “the Trolley Air Line.” This double track interur- 
ban line follows the direct but hilly route of the old 
stagecoach turnpike. The dark, olive-green cars run 
frequently. We board the first car, a Worcester local. 
The conductor comes to our seat, collects our through 
fare to Worcester, which is $0.47, and punches a 
check to identify how far we have paid. This will 
also serve as our transfer to a Worcester Limited. 

In traveling through the New England countryside, 
we note a picnic grove, which is a favorite destina- 
tion for Sunday car riders, and a few houses built to 
take advantage of this good transportation which has 
been available since 1903. At Natick Junction, the 
car behind us will turn off, then at Sunnyside we stop 
for passengers as we cross the Natick and Cochituate 
branch of the Middlesex and Boston Street Railway, 
originally a horsecar line built in 1887. 


MARCH, 1952 































Keystone View Company 


Then, as now, slogan of operators of New York's street trans- 

portation system evidently was “always room for one more.” 

Now, however, in contrast to this view of an earlier day, it 
is hardly feasible to ride on the outside of the car. 


After two or three miles of open country with 
hardly a house to be seen, we stop at Framingham 
Junction, where the Framingham-Saxonville Branch 
crosses the main line. The two-story headquarters of 
the Boston and Worcester Street Railway, a few 
houses, and the State Militia Muster Grounds are 
passed. At Framingham Center we pull into a side 
track in front of the big carbarn, alight, and walk 
over to the main track, where we wait only a few 
minutes for the Worcester Limited. This car left 
Park Square, Boston, an hour ago. For the first six 
miles it was operated by a crew of the Boston Ele- 
vated Company, but operation for the Boston and 
Worcester Railway Company took over at Chestnut 
Hill and brought the Worcester Limited 14 miles 
without a stop in 25 minutes. We pass through the 
village of Framingham Center, which was the origi- 
nal settlement in Framingham. When the railroad 
was built through South Framingham, the Center 
declined in importance. Now the trolley is bringing 
back a moderate amount of business. 

On our left is the Union Avenue Branch connect- 
ing South Framingham to the Center. This and the 
Saxonville line were formerly the Framingham Union 
Street Railway, a horsecar system built in 1886 and 
not electrified until 1897, when James Shaw bought 
control as a preliminary to building the Boston and 
Worcester line. 

The schedule between Chestnut Hill and Worces- 
ter on the 31 miles of track of Boston and Worcester 
lines is 62 minutes, with only three stops. Soon after 
leaving Framingham Center, we pass the Sudbury 
Reservoir and stop at White’s Corner. Most of the 
way from White’s Corner to Worcester is much like 
that of a steam railroad except for steeper grades. 
A passing eastbound freight car is a reminder that 
the Boston and Worcester Railway does not handle 
steam railroad freight cars like many of the inter- 
urban lines of the Middle West, but it does handle 
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Fred Wagner Studios 


Long after the streetcar reached its heyday, fast, quiet street- 
cars were introduced on the Madison Street line in Chicago, 
but the automobile had replaced streetcars for suburban travel. 


through shipments with connecting trolley lines as 
far as New Bedford and Springfield. Two important 
items of freight are beer and fresh fish. 

The next stop is at Lake Junction, where the crew 
of Worcester Consolidated Street Railway takes over 
the car for the last three miles. The conductor ex- 
changes our identification check for a free transfer, 
good anywhere in the Worcester local-fare zone. 
Soon we pass White City, the amusement park built 
by the Worcester Consolidated, with its roller coaster 
and many other attractions. Then on into Worcester. 

As we approach the center of the city, other tracks 
come into ours, and we find ourselves in a veritable 
procession of trolleys. Most of the lines we see are 
double track. The Worcester Consolidated Street 
Railway is the third largest trolley system in Massa- 
chusetts with well over 300 miles of track. It operates 
through cars to Fitchburg, Springfield, Putnam, 
Conn., Woonsocket, R.I., and many nearer points, as 
well as a network of city lines in Worcester. This 
system, along with the Springfield Street Railway, 
the Berkshire Street Railway, the Rhode Island Com- 
pany, and the Connecticut Company, is controlled by 
the New York, New Haven and Hartford Railroad. 
Cars of these companies are of the same color scheme 
— light yellow body, white trim, and red lettering. 

We pass the railroad station where the long-haul 
trolleys of the Worcester Consolidated have their 
terminal, then come to the end of our run at Salem 
Square. A quick lunch can be obtained at the lunch 
counter in the waiting room. A short walk through 
City Hall Park and across Main Street brings us to 
the southbound stop on the final leg of our journey 
through Spencer, Brookfield, and West Brookfield. 
A dozen cars go by before ours comes along, marked 
“Spencer.” The transfer we received at Lake Junction 
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will permit us to travel to the city limits of Worcester 
without additional charge. At the outskirts of Wor. 
cester we notice a single track going down a side 
street to a building like a small carbarn. This is the 
factory of the American Car Sprinkler Company 
which builds trolley cars for sprinkling or flushing 
streets and leases them to railways over a large part 
of New England. 

At the city limits, where the local cars marked 
“Leicester Line” turn back, we go from double track 
in the center of the street to single track at the road- 
side. Soon we pass the village of Cherry Valley, then 
the hilltop town of Leicester, and on to the next 


town, Spencer. Our progress is slowed by long climbs, | 


cautions descents, and waits at turnouts. It takes us 
an hour to reach Spencer, and the fare is $0.15 after 
leaving the local zone covered by our transfer. In 
Spencer our car stops in the middle of the street at 
the end of the line. 

The waiting car of the Worcester and Warren 
Street Railway takes us on the final stage of our trip, 
The Worcester and Warren Street Railway is a small 
independent line, running from Spencer through the 
Brookfields to West Warren. After another hour of 
hill climbing, with several turnout waits, and the 
payment of three additional $0.06 fares, we arrive at 
our destination, West Brookfield. The 57-mile trip 
from Needham to West Brookfield has taken four and 
a half hours and has cost $0.86. 

It is possible to go on to Springfield by taking the 
Ware and Brookfield Street Railway to Ware, and 
then the Springfield Street Railway through Palmer. 
But most of the through riders go by the route far- 
ther south where the Worcester Consolidated and 
the Springfield Street Railway run through cars via 
Southbridge and East Brimfield. It takes three and 





a half hours to cover the 60 miles; this is said to be | 


the longest regular trolley car run in New England. 
It was also possible to go from Boston via Worcester, 
Springfield, Hartford, Waterbury, and on to Bridge- 
port, and then return by any of the several different 
routes such as that of New Haven, New London, 
Westerly, and Providence. Special cars have made 
much longer runs, however, such as from Boston to 
New York for example. 

The vast network of urban and interurban electric 
street railway systems (which were in extensive op- 
eration when World War I broke out in Europe) 
provided passenger transportation service which very 
well supplemented that offered by the steam rail- 
roads. For a decade or so the electric railways filled 
a growing need for personal transportation which 
was improved upon only when the private automo- 
bile became commonplace, and so long as they filled 
a social and economic need, they enjoyed their hey- 
day — a precarious heyday for smaller rural lines. 


Decline Sets In 


Urban and suburban electric railway systems 
reached the peak of utility between 1900 and 1915. 
The beginning of World War I marked the end of 
large-scale trolley construction. Costs were rising 
while income from fares remained stationary. 


(Continued on page 270) 
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The Renaissance in Metal Cutting 


The Trade-School Approach to Machine-Tool Operations Is Giving 


Way to Scientific Analysis as Instrumentation and Analytical 


Methods Provide Fundamental Understanding of Operations 


By MILTON C. SHAW 


taken similar paths in the course of their de- 
velopment. The earliest work has generally 

been carried out on a purely empirical basis, and in 
many instances such activities have been highly de- 
veloped by following the case method. While this 
method presents a clear picture of each specific job, 
a great many cases must be considered before suffi- 
cient examples have been presented to enable all 
common situations to be covered. This approach has 
been extensively used in metal cutting as well as 
in other fields, such as machine design, hydraulics, 
metallurgy, and even such nonengineering activities 
as law and medicine. The weakness of the method 
lies in its failure to provide a direct means for solv- 
ing problems which lie beyond the range of current 
experience. Each new case that is established must 
be arrived at by a costly procedure of trial and error. 
Not too many years ago, steam turbines and power 
machinery were designed largely in accordance with 
the judgment of the designer, rather than by follow- 
ing the more rational approach, involving stress an- 
alysis, that is in wide use today. Similarly, the design 
of hydraulic conduits and machinery that once was 
done by rule-of-thumb procedures is now being ac- 
complished largely with the aid of the principles of 
fluid mechanics. In the field of metallurgy, steel- 
making is being carried out by considering it a 
special problem in physical chemistry, instead of 
employing the ago-old recipe technique. Metal-cut- 
ting tools and procedures are still largely established 
by the old case method. This activity has resisted 
the impact of modern technology and the scientific 
method, mainly due to the complexity of the opera- 


‘ tL basic fields of industrigl endeavor have 


. tions, but also partly due to the attitude held toward 


metal cutting in our engineering schools. 


The Educational Position 


Traditionally, metal cutting has been part of the 
training of mechanical engineers in this country. 
However, in the past, a trade-school approach has 
generally been adopted, the emphasis being placed 
entirely upon nomenclature, the mastery of machine 
manipulation, and the learning of a large number of 
disconnected empirical rules. In some instances the 
major objective has actually been the production of 
trinkets, thus appealing to the hobby instincts of 
the student rather than offering him a means of 
exercising his facility to apply fundamental concepts 
and developing his analytical ability. 
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In the past, metal cutting has been an almost ex- 
clusively undergraduate activity. The extensive 
graduate research program that is so necessary in 
supplying the spark needed for effective graduate 
teaching has been largely missing. There are rela- 
tively few people with fundamental learnings who 
have found their way into production activities due 
to the fact that students, who are analytically in- 
clined and take naturally to the rational approach 
to problems, have not been attracted to study metal- 
cutting operations. This also explains why the pro- 
duction industries, in the main, have not instituted 
a great amount of fundamental research in the past. 

About three years ago it was recognized that a 
renaissance in metal-cutting activities is just as inev- 
itable as it was in the fields of power-machine 
design, hydraulics, and metallurgy. Under the oak 
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Fig. 1. In the process of metal cutting, tool tip, A, produces 

chips above the line AB with no deformation of the metal be- 
low this line. 
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Fig. 2. If the work to be cut and the cutting tool are insulated 
from the machine, the dissimilar metals at the cutting point, 
H, may be used as a thermocouple to determine tool chip 
temperatures. 
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Fig. 3. After cutting a radioactive piece of metal the cutter, 


(left) was placed on photographic paper to produce the image, 


(right) proving that metal from the workpiece had been trans- 
ferred to the mill end. 
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Fig. 4. Diagram of diamond indenting tool used to make im- 
pression in cutting tool to determine wear during use. 














Fig. 5. Photographic reproduction of cutting edge of a ground 
surface, showing grooves and jagged edge left as a result of 
the grinding operation. 


ance of Professor C. Richard Soderberg, ’20, Head 
of the Department of Mechanical Engineering at 
the Institute, the necessary administrative changes 
were made to insure that M.I.T. would not only 
meet the needs brought about by these changes but 
would actually be in the vanguard of the movement. 
Developments which have recently taken place to 
strengthen the Institute’s position in the field of 
metal cutting may be summarized as follows: 
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1. Teaching Program: The classical introductory mat. 
ter presented to undergraduate students is bein 
streamlined and integrated with more ietdecalll 
information as it becomes available from research 
laboratories. Here, the objective is to describe 
precisely what happens in a cutting process in 
terms of fundamental concepts, and where possi- 
ble, to make the treatment quantitative. Cutting 
dynamometers and temperature-measuring tech. 
niques are now regularly employed in the under- 
graduate instruction in Machine Tool Laboratory. 
A subject dealing with advanced analysis of cut- 
ting techniques is now being regularly presented 
at the graduate level. 

2. New Division: A Machine Tool and Metal Cutting 
Division in the Department of Mechanical Engi- 
neering has been organized to administer the re- 
search and teaching programs in this area. By 
this action metal cutting is now recognized as a 
legitimate professional engineering subject and 
thus takes its place among the other older academic 
divisions of the Department of Mechanical Engi- 
neering, which include: thermodynamics, applied 
mechanics, machine design, and materials engi- 
neering. 

3. New Facilities: The Machine Tool Laboratory has 
been recently modernized and many new tools 
have been added to those already available. A 
variety of special test apparatus has been assem- 
bled and is now in use. Some of these facilities 
will be mentioned later. 

4. New Building: Through the generosity of Alfred P. 
Sloan, Jr., ‘95, a new Metals Processing Laboratory 
is nearing completion. In the near future this 
modern million-dollar structure will house the 
research and teaching activities of M.I.T. in the 
machine-tool field. 


Research Techniques 


A variety of techniques have proved to be valu- 
able in the study of the metal-cutting process. Prob- 
ably the simplest and most easily applied are those 
of a visual nature. Direct observation of the cutting 
process through the microscope, or the study of 
motion pictures that have been taken through the 
microscope during cutting, clearly reveals that metal 
cutting is basically a shear process. When a metal 
is cut it is plastically deformed very suddenly in 
shear. A photomicrograph of a partially formed chip 
is shown in Fig. 1. This picture was prepared by 
suddenly stopping a tool in the process of making 
a cut, cutting away the material in the vicinity of the 
tool point, and polishing and etching the surface 
following the usual metallographic technique. A 
sharp line extending from A to B is evident in Fig. 
1 which shows that all plastic deformation occurs 
suddenly in cutting, there being no deformation be- 
low AB and no change in the amount of plastic 
deformation above AB. Cutting is thus seen to be a 
process that is carried out at very high strain rate. 
The thickness of the chip, relative to the depth of 
cut, is a measure of the amount of shear strain to 
which the metal has been subjected in cutting. As 
in all deformation processes, this unit strain is a very 
important quantity. It may be determined by visu- 
ally observing the ratio of the chip thickness to the 
depth of cut. 
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A complete knowledge of the system of forces that 
obtain at a tool point is also of considerable value. 
Instruments that enable the resultant force to be 
resolved into a convenient set of components are 
called dynamometers. The availability of the wire 
resistance strain gauge in recent years has made it 

ssible to measure force components precisely with- 
out mutual interference between the components. 
The force and torque components that are read with 
sich instruments during cutting make it possible to 
determine such quantities as the cutting power, the 
mean shear stress on the shear plane, and the coeffi- 
cient of friction between chip and tool face. The 
cutting dynamometer is one of the most useful tools 
available for studying cutting operations. 

The mean temperature along the face of a cutting 
tool is of primary interest in basic tool studies. Such 
a temperature cannot be measured by embedding 
thermocouples in the workpiece a short distance be- 
low the surface, or by following any of the other 
usual laboratory techniques. Chip-tool temperatures 
can be measured easily however by making the 
interface between the chip and the tool the hot junc- 
tion of a thermoelectric circuit. The dissimilar metals, 
of tool and workpiece, in contact cause a thermo- 
electric electromotive force to be generated when 
the chip-tool interface undergoes an increase in 
temperature. The method of applying this technique 
to a metal-cutting operation is shown diagrammati- 
cally in Fig. 2. This method was first used by the 
late Henry Shore, ’24, in 1924 and is described in 
his master’s thesis of that year, at M.I.T. 

The improvement of tool life is one of the major 
concerns of the production engineer, and one of the 
chief reasons for tool replacement is wear. As in 
other abstract wear studies, the use of the radio- 
active tracer technique, in which one member of a 
rubbing pair of metals is made radioactive, has 
proved of value in tool wear studies. The autoradio- 
graph shown in Fig. 3 of the end mill, also shown 
in Fig. 3, demonstrates that some metal transfer 
oecurs even under the most advantageous cutting 
conditions. Here cutting conditions were arranged 
to be optimum, and the autoradiograph, produced 
by allowing the used and cleaned cutter to rest on 
a photographic film in darkness for one week, indi- 
cates the presence of significant amounts of metal 
transferred from the radioactive workpiece. From 


ests of this sort it may be concluded that even under 


the most favorable cutting conditions there will be 
some transfer and build-up of metal from the work- 
piece onto the cutting tool. 

In the shop the wear of a cutting tool is usually 
followed by noting the rate at which a wear land 
develops on the clearance face of the tool, but this 
procedure is slow and inaccurate. Recent experi- 
ments in the Metal Cutting Research Laboratory at 
M.I.T. have shown it possible to speed up tool life 
studies by use of a diamond impression. The tool 
to be studied is first provided with a small flat about 
0.010 inch wide on the clearance face of the tool, 
to simulate the conventional wear land. A small 
amount of cutting will cause this surface to wear 
in and assume the shape of a naturally produced 
wear land. A diamond indentor, shaped as shown 
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Fig. 6 (Above) Radiog- 
raphy is an effective tool 
in studies of metal cut- 
ting. Refraction pattern 
of sharply defined arcs 
(left) are obtained from 
well-annealed metal. 
When metal is cold 
worked, as by grinding, 
for example, the refrac- 






Rall 
Bearings 


tion patterns are diffuse elt 
(right). 

Fig. 7. (Right) Glass ap- 

paratus previously used 

for pel ee Grignard Mercury 


reagents in a slow and 
hazardous small-scale op- 
eration has now been re- 
placed by a safe, con- 
tinuous process employ- 
ing metal cutting. 





Fig. 8. Apparatus for cutting magnesium in presence of liquid 
reactants replaces the slower and more dangerous Grignard 
process illustrated in Fig. 7. 


in Fig. 4, is then pressed into the center of the 0.010- 
inch wear land without removing the tool. As the 
tool is worn in use and the wear land develops, the 
amount of wear may be precisely determined by 
observing the change of distance c in Fig. 4. 

It will be noted that this method provides a 30.5 
to one magnification of the amount of wear. Inas- 
much as the wear rate is found to be linear with 
time, it is possible to estimate the life of a tool by 
cutting a relatively small amount of material. 

(Continued on page 264) 
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Hazen to Succeed Bunker 


AROLD L. Hazen, ’24, Head of the Department 

of Electrical Engineering at the Institute since 

1938, will become dean of the Graduate 
School next July. Dr. Hazen will succeed John W. M. 
Bunker who has been dean of the Graduate School 
since 1940. Dr. Bunker, who joined the Institute’s 
staff in 1921 as an assistant professor of physiology 
and biochemistry in the Department of Biology, will 
retire at the end of the academic year. 


During July and August of 1951, Dr. Hazen headej 
the Commission on Engineering Education whic 
visited Japan for consultation with the Japanes 
Ministry of Education, as well as educators and ad. 
ministrators of engineering colleges there. This com. 
mission, consisting of 15 of the nation’s leading 
engineering educators from 12 engineering schools 
in the United States, was organized by the American 
Society for Engineering Education and the Unitarian 
Service Committee, Inc., at the request of the Sv. 
preme Commander for the Allied Powers. 
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Professor Hazen was born in Philo, Ill., in 1901, Professor Hazen, who was second lieutenant in the 
and received from M.I.T. the degrees of bachelor of Air Service Reserve from 1924 to 1929, and lieutenant f 
science in 1924, master of science in 1929, and doctor | commander in the United States Naval Reserve fron} * 
of science in 1931. He worked in the Schenectady 1936 to 1949, served during World War II as chief oj S 
and Pittsfield laboratories of the General Electric Division 7 of the National Defense Research Com} * 
Company before joining the Institute’s staff in 1925 mittee. In this post he worked from 1942 to 1946 ir I 
as a research assistant, and subsequently obtained the field of ordnance fire control. Dr. Hazen way 
experience with both the American Telephone and awarded the Presidential Certificate of Merit, thd ° 
Telegraph Company and the Raytheon Manufactur- second highest civilian award, in October, 1948. 7 
ing Company. He was named instructor in Electrical The Franklin Institute awarded him the Levy Gold . 
Engineering in 1926 and assistant professor in 1931. Medal in 1935 for outstanding technical papers ; 
From 1934 to 1935 he was a member of the faculty which appeared in that institute’s journal, on thg 
of Ohio State University in the first of M.I.T.’s ex- theory and design of servomechanisms. Dr. Haze e 
change professorships. Dr. Hazen became an asso- _has contributed notably to the technical literature | C 
ciate professor at the Institute in 1936, was placed in electrical engineering, especially in the field of in 
charge of graduate study and research in Electrical strumental calculation, automatic control devices , 
Engineering from 1937 to 1938, and was promoted and engineering education. Since 1948 he has beey b 
to full professor and head of the Department of Elec- a member of the Advisory Council of the Departmen} ~ 
trical Engineering in 1938. of Electrical Engineering at Princeton University P | 

At M.I.T., Professor Hazen has co-operated in the and in 1949 was a member of the panel on Sciencq 7 
design and construction of several important elec- and Engineering of the Service Academy Board. He 7 
trical devices, including the network analyzer, upon _is chairman of the Region II Committee for Under. ’ 
which power systems are reproduced in miniature graduate Engineering Curricula of the Engineer} , 
for the solution of electrical engineering problems. _ Council for Professional Development, a group whic} | 
He was also associated with the development of the provides the officially recognized list of accredited 
differential analyzer which was designed by Vanne- _ engineering curricula in the United States, based of 
var Bush, ’16, formerly Vice-president of the Institute. inspections by the regional committees. A 
oT Spa M.1.T. Pho Se 


Two important changes in adminis- 
trative posts have been announced at 
M.I.T. recently. 

Professor Harold L. Hazen, °24, 
(left) who has been head of the De- 
partment of Electrical Engineering 
since 1938, will become dean of the 
Graduate School on July 1, succeed- 
ing John W. M. Bunker who will re- 
tire. Professor Hazen is widely known 
as a scientist, an educator, and as ad- 
ministrator of the Institute’s largest 
Department. 

Professor Ernest H. Huntress, ’20, 
(right) has been appointed director of 
the Institute’s Summer Session, suc- 
ceeding Frederick G. Fassett, Jr. Pro- 
fessor Huntress has been a member of 
the staff of the Department of Chemis- 
try for the past 31 years and has been 
active on various educational commit- 

tees at Technology. 
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extensive biographical studies of distinguis 


Huntress Heads Summer Session 


rNEST H. Huntress, ’20, who joined the staff of 
E the Department of Chemistry at the Institute in 
1920, has been appointed director of the M.LT. 
Summer Session, President Killian announced in Jan- 
uary. In his new post, Dr. Huntress will succeed 
Frederick G. Fassett, Jr. who was recently appointed 
associate dean of students. Dr. Huntress will con- 
tinue the development of the Institute's summer 
program, extending its scope and its service to indus- 
try and education. Since 1950 he has devoted a por- 
tion of his time to the Office of the Dean of the 
Graduate School, serving as deputy dean, and he will 
continue to assist the dean of the Graduate School 
at M.L.T. 

Born in Laconia, N. H., Dr. Huntress received his 
early education in the schools of Lynn, Mass., and 
was graduated from Classical High School in 1916. 
After entering M.I.T. with the first class to occupy 
the present buildings in Cambridge, his bachelor of 
science degree of 1920 was followed by that of doc- 
tor of philosophy in 1927. Joining the staff of the 
Department of Chemistry as an assistant 31 years 
ago, Dr. Huntress rose to the rank of professor of 
organic chemistry in 1941. He has been concerned 
with teaching and research at both undergraduate 
and graduate levels, serving seven years as head of 
the undergraduate division of organic chemistry and 
11 years as chairman of the Graduate Committee of 
the Department of Chemistry. During the latter pe- 
riod, he was chemistry representative on the M.I.T. 
Committee on Graduate School Policy. 

Dr. Huntress is a member of the M.I.T. Solar 
Energy Conversion Committee, a member of the 
board of the Technology Press, and this year com- 
pletes his third term as chairman of the M.LT. Fac- 
ulty Committee on the Library. He is librarian and 
member of both the Council and Publication Boards 
of the American Academy of Arts and Sciences, to 
which he was elected in 1936. A member of the 
American Chemical Society since 1921, he is a former 
chairman of its northeastern section and was, for 
eight years, a member of its Richards Medal Com- 
mittee. Dr. Huntress is an associate editor of the 
American Chemical Society’s Chemical Monograph 
Series, a member of its Committee on Foreign Com- 
pendia and Committee on Nomenclature. In 1948 he 
was a member of the Scientific Information Confer- 
ence held at London by the Royal Society, and served 
also as official representative of the American Docu- 
mentation Institute to the International Federation of 
Documentation at The Hague. 

His technical publications include nearly 100 sci- 
entific papers and patents, and he has contributed to 
Proceedings of the American Academy of Arts and 
Sciences. During World War II he served as tech- 
nical adviser to the Chemical Warfare Service Devel- 
opment Laboratory at M.I.T. He is also the author of 
five books and has for some time been engaged in 

men 
of science. Among his books are Organic Chlorine 


» Compounds and Problems in Organic Chemistry. He 
'is also coauthor, with the late Samuel P. Mulliken, 


87, of Identification of Pure Organic Compounds. 
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Running for Office 


E LEPHANTs and donkeys will play a part in elec- 
tions this year as well as beavers. In ballots to be 
mailed toward the end of March, adherents of the 
Beaver party will elect new officers of the Alumni 
Association of M.I.T. into whose hands the adminis- 
tration of the Association will pass for one year be- 
ginning July 1, 1952. Alumni will also elect three of 
their number — each for a five-year term — to serve 
as members of the M.I.T. Corporation. 

Edwin D. Ryer, ’20, VI, Vice-president and Direc- 
tor of the Barbour Stockwell Company in Cam- 
bridge, has been nominated for the presidency of 
the Alumni Association, to succeed Alfred T. Glas- 
sett, ’20, I. 

The National Nominating Committee — composed 
of John L. Porter, 00, Donald B. Webster, ’16, Win- 
field I. McNeill, 17, Walter R. C. Russert, 18, Harold 
E. Koch, ’22, Harold C. Pearson, ’23, Holland H. 
Houston, ‘24, George P. Edmonds, ’26, George E. 
Colby, ’32, and H. B. Richmond, ’14, chairman — has 





HIGH OFFICE 





Fabian Bachrach 


. in the Alumni Association of M.1.T. will go to Edwin D. 
Ryer, ’20, VI, unopposed candidate for president of the Asso- 
ciation for the year beginning July 1, 1952. Mr. Ryer is vice- 
president and director of the Barbour Stockwell Company, 
manufacturers of machinery in Cambridge. Mr. Ryer has rep- 
resented his Class on the Alumni Council, has been chairman 
of the Advisory Council on Tech Show, was class agent and 
member of the Alumni Fund Board, and is a former member 
of the Executive Committee of the Alumni Association. He is 
a director of the Jordan Hospital in Plymouth, and a member 

of the Duxbury Yacht Club. 
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Fabian Bachrach Blackstone Studios 


Curtis Studios 


NOMINATED FOR ALUMNI TERM MEMBERSHIP ON THE M.1LT. CORPORATION 


for fiwe years beginning July 1, 1952, are: Everett S. Coldwell, 15, VI, President, Chairman of the Board and Director 
of Ford, Bacon and Davis, Inc. of New York; Alfred T. Glassett, ’20, I, President of W. J. Barney Corporation of New York; 
and William L. Stewart, Jr., ’23, XV, Executive Vice-president of the Union Oil Company of California. 


nominated Dwight C. Arnold, ‘27, XV, as vice- 
president of the Association to serve for two years. 
Mr. Arnold is president and treasurer of Arnold- 
Copeland Company, Inc. of Boston. Theodore T. 
Miller, ’22, XV — Vice-president of Dewey and Almy 
Chemical Corporation of Cambridge — and Stanley 
C. Dunning, 17, XV — manufacturers’ representative 
in Cambridge — have been named for posts on the 
Executive Committee for two-year terms. 

Named for alumni term membership on the M.LT. 
Corporation; to serve five-year terms each, are: Ever- 
ett S. Coldwell, ’15, VI, President, Chairman of the 
Board, and Director of Ford, Bacon and Davis, Inc., 
a New York engineering firm; Alfred T. Glassett, ’20, 
I, President of the W. J. Barney Corporation, in New 
York, and President of the Alumni Association for the 
year 1951-1952; and William L. Stewart, Jr.; ’23, XV, 
Executive Vice-president of the Union Oil Company 
of California, and formerly chairman of Southern 
California M.I.T. Development Committee. 

New representatives on the National Nominating 
Committee (one to be elected from each district) are: 
District 1 — Boston — Raymond H. Blanchard, ’17, X; 
District 2 — Worcester — Ernest P. Whitehead, ’20, I; 
Lawrence, Mass.— Dean K. Webster, Jr., “19, X; 
New Bedford — A. Russell Pierce, Jr., °31, XV; Dis- 
trict 4—Rochester— Leon L. McGrady, *17, XV; 
Schenectady — Florence Fogler Buckland, ’20, XIV; 
Syracuse — D. Earle MacLeod, ’38, IX-B; Buffalo — 
Whitworth Ferguson, ’22, VI; District 5 —- Newark — 
Walter L. Wise, Jr., 34, XV; New York City — Saxton 
W. Fletcher, 718, II. 

This year the classes whose numerals end in the 
figures three and eight elect their class representa- 
tives for five-year terms, and nominations have been 
made by officers of their respective classes, beginning 
with the Class of 1893 and ending with the Class of 
1948. 
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C. Adrian Sawyer, Jr.: 1881—1952 


C ADRIAN SAWYER, JR., ‘02, President of the Alumni 
- Association for the year 1949—1950, died at his 
home in Waban, Mass., on January 29 at the age of 
70. He was active in civic and engineering construc- 
tion affairs in Metropolitan Boston. 

While attending Technology, Mr. Sawyer took an 
active part in student affairs. He was treasurer of the 
Technology Athletic Club and member of the Ten- 
nis Association. He served on the staff of The Tech 
and was editor in chief of Technique for 1902. 

After graduation, Mr. Sawyer was an assistant in 
the Institute’s Department of Mining Engineering for 
a year, and from 1903 to 1907 was employed by the 
Andrew D. Fuller Company. From 1908 to 1918 he 
was with the George A. Fuller Company and from 
1918 to 1924 with the Howes Brothers Company. In 
1924 he founded the Sawyer Construction Company 
of which he was president until his death. In his pro 
fessional capacity, Mr. Sawyer has been responsible 
for the construction of many large medical and 
educational units, including the Sloan Automotive 
Laboratory and Building 24 at the Institute. 

Mr. Sawyer has served as chairman of the Newton 
Board of Appeal, as president of the New England 
Peabody Home for Crippled Children, as director of 
the Suffolk First Federal and Loan Association, and 
as president of the Brae Burn Country Club. He was 
trustee of the Hahnemann and New England Dea- 
coness Hospitals, and commodore of the Boston 
Yacht Club. 

As a loyal Technology Alumnus, Mr. Sawyer was 4 
member of the Alumni Advisory Council on Athletics 
in 1918-1919; a member of the Alumni Council from 
1932 to 1944; a member of the Executive Committee 
of the Alumni Association from 1932 to 1934; and 
president of the Alumni Association for 1949-1950. 
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M.I.T. Expands Telephone Service 


NEW manual switchboard, the first of its kind in 
New England, was formally opened at the Insti- 
tute on January 26, with a coast-to-coast telephone 
call from Joe E. Harrell, President of the New Eng- 
land Telephone and Telegraph Company, to James 
R. Killian, Jr., ‘26, President of Technology. Dr. Kil- 
lian was in Los Angeles attending a conference of the 
M.I.T. Club of Southern California, where 200 Alumni 
attended a symposium on “Advances in Science.” 
The new switchboard with its additional dial lines 
— inaugurated before more than 250 representatives 
of the Bell system and M.LT. in Huntington Hall — 
is one of the largest of its kind in New England. 
In the long-distance telephone conversation, both 
sides of which were audible to guests in Huntington 
Hall, Mr. Harrell recalled that telephone progress 
“can be traced back to the technical skill demon- 
strated in the research that has been carried on by so 
many young Americans from schools like M.1.T.” In 
reply, President Killian observed that this year also 
marks the 40th anniversary of the presentation to 
M.LT. by the American Telephone and Telegraph 
Company, of the Deering Collection of about 30,000 
volumes on electrical engineering. Long known as 
the Vail Library in honor of Theodore N. Vail, first 
president of American Telephone and Telegraph 
Company, this collection has now grown to 50,000 
volumes. The Vail Library, President Killian stated, 
has had a profound effect on education in electrical 
engineering and is one of the outstanding libraries 
in electrical engineering in the world. 





M.1.T. Photos 


Above: Professor Carlton E. 
Tucker, 18, Executive Of- 
ficer of the Department of 
Electrical Engineering; Joe 
- Harrell, President of New 

land Telephone and 
Te egraph Company; Del- 
bert L. Rhind, M. I. T. 
Bursar; and Karl T. Comp- 
ton, Chairman of the M.I1.T. 
Corporation, inspect the new 
switchboard manned by Miss 
Agnes N. Morrice, Chief 

Operator. 
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President Killian also recalled that there are about 
375 Technology Alumni engaged in the Bell System, 
many of whom have held outstanding positions with 
Bell and its operating companies. This statement was 
well borne out by those who attended the inaugural 
ceremonies. Present from the New England Tele- 
phone and Telegraph Company were: Joe E. Harrell, 
President; Erskine N. White, Thomas M. Hennessey, 
Vice-presidents; James W. Thompson, Chief Engi- 
neer; James G. arate, bee Plant Extension Engineer; 
Winthrop F. Potter, 22, Transmission and Protection 
Engineer; Harris B. MclInty om, "22, General Rate 
Engineer; Parke D. Appel, ‘22, General Personnel 
Assistant; Eugene R. McLaughlin, ‘19, Division Com- 
mercial Supervisor; Thomas H. Barnard, ’24, District 
Plant Engineer; Thomas F. Williams, ’22, Metropoli- 
tan Traffic Engineer; Kennedy Pope, ’20, Massachu- 
setts Transmission Engineer; and Fearing Pratt, 22, 
Commercial Engineer. Other representatives of the 
Bell System included George W. Gilman, ’23, Direc- 
tor of Systems Engineering for the — Telephone 

Laboratories, and Lawrence B. Grew, ’27, and Frank 
P. Nettleton, ’30, of the Southern New Englund Tele- 
phone Company. Among Technology personnel pres- 
ent were: Karl T. Compton, Chairman of the Cor- 
poration; Joseph J. Snyder, 2—44, Vice-president and 
Treasurer; Professor George R. Harrison, Dean of 
Science; Delbert L. Rhind, Bursar; Professor Carlton 
E. Tucker, ’18, Executive Officer of the Department 
of Electrical Engineering; Professor Harold L. Hazen, 
‘24, Head of the Department of Electrical Engineer- 
ing; Mrs. Ruth McG. Lane, Vail Librarian; and Miss 
Agnes N. Morrice, Chief Operator. 


Below: Gathered under the por- 
trait of Theodore N. Vail, former 
president of American Tele- 
phone and Telegraph Company, 
for whom the Institute’s library 
of electrical engineering is 
named, Professor Harold L. 
Hazen, 24, Head of the Depart- 
ment of Electrical Engineering 
(center), recalls the important 
role which the Vail Library has 
played in training communica- 
tions engineers. Others in the 
group, in usual reading order, 
are: Dr. Compton, Mr. Harrell, 
and Erskine N. White and 
Thomas M. Hennessey, Vice- 
presidents of New England 
Telephone and Telegraph Com- 
pany. 











W ebster Professorship Established 


A of $400,000 to the Institute from the Ed- 
win Sibley Webster Foundation, to establish an 
Edwin Sibley Webster Professorship of Electrical 
Engineering, was announced on January 31 by Karl 
T. Compton, chairman of the Corporation of the 
Institute, at the midwinter meeting of Alumni in 
Metropolitan Boston. 

In announcing the new professorship, which be- 
comes the first endowed chair in the Department of 
Electrical Engineering at M.I.T., Dr. Compton said: 


This endowed professorship is a particularly appropri- 
ate memorial to Mr. Webster, for he was one of the earli- 
est students in M.I.T.’s Electrical Engineering Course. He 
also formed with his classmate, Mr. Charles A. Stone, the 
first electrical engineering consulting firm, which later 
became the national organization of Stone and Webster, 
Inc. 


In reviewing Mr. Webster’s long and active par- 
ticipation on the Institute’s Corporation and its Exec- 
utive Committee, Dr. Compton pointed out that Mr. 
Webster exhibited a special interest not only in the 
Department of Electrical Engineering but in seeing 
that the Institute moved toward an adequate endow- 
ment for its educational program. Dr. Compton also 
recalled that it was due in large part to Mr. Webster's 
enthusiasm over thes engineering in its in- 
fancy that M.I.T. took its first steps in establishing 
the first Course in Aeronautical Engineering in the 
United States. Mr. Webster was president of the 
Alumni Association in 1909, a member of the Alumni 
Council, and president of the Class of 1888. The 
Stone and Webster firm constructed the central 
group of Institute buildings in Cambridge, and 
Messrs. Stone and Webster presented to the Institute 
the President’s House. 

Commenting on the significance of M.I.T.’s first 
endowed professorship in electrical engineering, Dr. 
Compton emphasized that such professorships are a 
means of fulfilling the primary object of the Insti- 
tute’s long-range Development Program, of giving 
special, distinction to the men who are appointed to 
them, and of honoring and keeping alive the memory 
of great men of the Institute. 


Two Receive Rhodes Scholarships 


| yee scholarships have recently been awarded 
to two candidates from M.I.T. — Arthur A. Was- 
serman, ’51, elected in New York, and Carl A. Shiff- 
man, °52, elected in Massachusetts. These recent 
selections bring to 11 the total number of Rhodes 
scholars from the Institute, seven of whom have been 
chosen since the end of World War II, according to 
Walter H. Stockmayer, ’85, Associate Professor of 
Physical Chemistry and M.IL.T. representative for the 
Rhodes scholarships. From the whole United States 
32 scholars are chosen annually. 

The complete list of Rhodes scholars te be chosen 
from M.L.T. is as follows: Morris F. Shaffer, ’30, Ivan 
A. Getting, 33, Walter H. Stockmayer, ‘35, Vernon 
G. Lippitt, 88, J. Ross Macdonald, 2-44, Gordon 
Raisbeck, ’49, Eugene B. Skolnikoff, 49, William D. 
Barcus, Jr., 50, and Herbert D. Benington, ’50. In 
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addition, at least three who received Rhodes scholar- 
ships were graduate students at the Institute at the 
time of their selection: Marshall Ballard, Jr., °35, 
Harry A. Watson, ’48, and S. Alton Newton, Jr., ‘51. 
The Institute has good reason to be proud of its 
record in recent years. In the opinion of Dr. Stock- 
mayer, the enhanced attention which the Institute 
has given to the humanities has been an important 
factor in developing the type of man that satisfies the 
broad requirements of the Rhodes scholarships. 


Counciliation 


HE first meeting of the Alumni Council for the 

year 1952 — and the 286th meeting since the for- 
mation of the Alumni Association — was held in the 
Campus Room of the Graduate House on Monday, 
January 21, with Alfred T. Glassett, ’20, President of 
the Association, presiding. 

As first order of business, Donald P. Severance, ’38, 
Alumni Secretary, reported that the Executive Com- 
mittee had voted to “Authorize the Treasurer to with- 
draw the sum of $5,000 from the Alumni Association 
Reserve Fund to meet part of the Institute’s capital 
expense for transferring the alumni mailing lists to an 
IBM system, an expense now estimated at $8,600.” 
Changes in class affiliations for three Alumni were 
reported, as was also the fact that between Novem- 
ber 26 and January 18, an even dozen members of 
the Institute’s Faculty or staff visited a dozen M.LT. 
clubs in a North American loop bounded by Mon- 
treal, Portland, Ore., San Francisco, Phoenix, and 
Atlanta. For the current year, visits through January 
exceed the total reported at the annual meetings in 
May of the past few years. 

Nominations for officers of the Alumni Association 
for the coming year, as well as for members to serve 
on the National Nominating Committee, were re- 
ported. Because of its importance to Technology 
Alumni who will be asked to vote this spring, this 
topic is covered in a separate story in this section of 
The Review on page 249. 

It was reported that the Executive Committee 
endorsed the following proposals of George W. 
McCreery, 19, cochairman of Alumni Day, 1952, as 
chairmen of Alumni Day subcommittees: Banquet: 
William H. Carlisle, Jr., 28; Departmental Reunions: 
Julius A. Stratton, ’23; Ladies’ Events: Mrs. John B. 
Wilbur; Luncheon: Theodore T. Miller, ’22; Registra- 
tion: Wolcott A. Hokanson, Staff; Transportation: 
Emmons J. Whitcomb, ’11; Stein Design: Henry B. 
Kane, ’24. 

As director of the Alumni Fund, Mr. Kane re- 
ported that 5,369 Alumni to date have contributed a 
total of $119,000 to the 1952 Alumni Fund, which is 
now starting its fourth month. Although this year’s 
change of timing does not permit a real comparison 
with the figures of the 1949-1950 Fund, these results 
nonetheless, represent 400 fewer contributors but also 
show that the amount contributed is $21,000 in excess 
of the 1949-1950 Fund for the same number of days 
after the start of solicitation. 

Members of the Council were acquainted with 
recent developments at the Institute by Karl T. 

(Concluded on page 254) 
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BUSINESS IN MOTION | 





70 oer Colleague ie lee de... 


Revere began to make aluminum extruded shapes 
in 1922, and hence has had thirty years of experience 
with the metal. During those years it has gained in- 
valuable experience, and has installed new equip- 
ment in order to expand the list of aluminum mill 
products it offers to industry. This expansion has 
been conducted at an accelerated pace during the 
past ten years. Today it may come as a surprise to 
some people that Revere’s present installed capacity 
makes it the largest independent fabricator of alu- 
minum in the United States. 

Revere is sometimes asked 
why we should have sought 
the same position in alumi- 
num alloys that we occupy in 
copper and copper-base al- 
loys. The fundamental reason 
is a simple one: we wished to 
increase our service to indus- 
try, which is demanding more 
and more metals of every 
kind. Thirty years ago we rec- 
ognized the growing impor- 
tance of aluminum, and we also perceived that alu- 
minum and copper are in many ways complementary 
metals. Being able to offer both means that Revere 
can be impartial in recommending the one most cer- 


‘ tain to give the best results in a given application. 


So successful has been our experience with alu- 
minum that we are now pursuing a comprehensive 
program of expansion in regard to it. In one of the 
Revere plants in Baltimore, new aluminum rolling 
mills and annealing furnaces were installed before 





Korea, making possible tripled production of coiled 
sheet. Right now, in another Revere Baltimore plant, 
new extrusion presses and draw benches are being 
put in place. Equipment for the production of 
aluminum coiled sheet was installed in our Detroit 
plant over a year and a half ago. In about a year, 
the Los Angeles mill, now working with copper and 
copper-basé alloys only, should begin to produce 
aluminum tube and extruded shapes in both the 
heat-treated and non-heat-treated alloys. 

These plans to increase ma- 
terially the Revere output of 
aluminum mill products will 
make them more quickly and 
easily available in various in- 
dustrial centers. Here is evi- 
dence of our belief that the 
future of aluminum is as 
great as that of copper. Each 
has its place, in peace as well 
as war. 

Revere’s thirty-year 
growth in aluminum is in 
the American tradition of freedom to seek new 
ways to serve customers. It is typical of the busi- 


ness world, for in many thousands of companies 


the original products or lines have been expanded 
to include more or less related items. So we sug- 
gest that no matter what you buy, you ask your 
suppliers if they have other materials or products 
that would be of value to you. The more you know 
about what your suppliers make, the greater the pos- 
sibility of improving your products or productivity. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17,N.Y. 
SEE “MEET THE PRESS“ ON NBC TELEVISION EVERY SUNDAY 
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THE INSTITUTE GAZETTE 
(Concluded from page 252) 





Compton, chairman of the M.I.T. Corporation, who 
announced the recent promotions of: Professor 
Harold L. Hazen, ’24, who has been in charge of the 
Department of Electrical Engineering, to succeed 
John W. M. Bunker as Dean of the Graduate School; 
Frederick G. Fassett, Jr., newly appointed Asso- 
ciate Dean of Students; and Professor Ernest H. 
Huntress, ’20, as Director of the Summer Session. 

President Glassett then called on Mr. Fassett to 
discuss the operations of the Technology Press and 
of the Office of Publications — both of which are still 
under his jurisdiction. He spoke briefly of the genesis 
of the Technology Press and its more recent 15 years 
of co-operative publishing with John Wiley and Sons, 
Inc. of New York. 

Mr. Fassett spoke of the need which had brought 
about the establishment in 1951 of the Office of Pub- 
lications, an office for the purpose of supervising and 
expediting the printing of M.I.T. official matter. 

Next, Professor Hazen, last summer’s chairman of 
the 15-man Engineering Education Commission to 
Japan, introduced the final speaker of the evening — 
Rogers B. Finch, ’41, Assistant Professor of Textile 
Technology. 

Professor Finch, who had been the junior member 
on this Commission organized at the request of the 
Japanese Ministry of Education, opened his talk by 
telling of the hospitality of the M.I.T. Association of 
Japan. In particular he mentioned travel accommo- 
dations for his group; the industries they observed; 
and the Japanese recreations and customs which had 
come most forcefully to their attention. 


Alumni Discuss W eather, Medicine, 


and Feedback 


HE annual midwinter meeting of Alumni of M.L.T. 
‘hee held in Walker Memorial on January 31. 
Alfred T. Glassett, ’20, President of the Alumni Asso- 
ciation, presided at the meeting which was attended 
by approximately 1,000 Alumni, many of whom 
brought their sons. As keynote speaker, Karl T. 
Compton, chairman of the Corporation, reported to 
the Alumni on recent developments at the Institute, 
and announced a grant of $400,000 for the estab- 
lishment of the Edwin Sibley Webster Professorship 
of Electrical Engineering. 

Professor George R. Harrison, Dean of Science at 
M.I.T., was master of ceremonies for three lectures 
given by members of the Institute’s Faculty: James 
M. Austin, “41, Associate Professor of Meteorology, 
described modern methods of weather forecasting; 
Professor Francis O. Schmitt, Head of the Depart- 
ment of Biology, discussed medical research at the 
Institute, with emphasis on the significance of the 
electron microscope in this research; and Professor 
Gordon S. Brown, ’31, Associate Head of the Depart- 
ment of Electrical Engineering and chairman of the 
Faculty, spoke on the growing importance of servo- 
mechanisms in industrial progress. 
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(Continued from page 239) 


D.W.T. What do you mean? You've got the old- 
fashioned point of view on foundation engineer. 
ing — taking the soil as you find it and limiting 


the structure to fit. They don’t do that any more, 


T.W.L. I should say not. If the soil isn’t the kind they 
want, they treat it chemically, and change its 
properties — increase its bearing capacity, its 
impermeability, or anything else. 

H.P.A. Take that earth dam, for example: the cutoff 
wall is a thin membrane of impervious chemically 
treated clay, and the side slopes are steep because 
the shearing strength and the angle of repose of 
earth have been increased. 

T.W.L. That building is settling up instead of down! 
Must have given the foundation an overdose! 

W.M.F. They seem to have gotten away from the 
more conventional building shapes. The struc- 
tural engineers must be building their structures 
around the activities that are actually going on in 
the building. They're more functional, and cer- 
tainly are more clean-cut and streamlined. 

E.M. You’d think that with all those curves, their unit 
building costs would be up. 

M.J.H. Standard shapes, prefabrication, and mech- 
anization of construction — that’s the answer, 
That new concrete hospital is an all “prefab” job. 
And look at the erection of that row of six-story 
apartment houses; it’s all being done from one 
gigantic overhead gantry crane that moves from 
block to block. 

J.M.B. That new TV tower must be 2,000 feet high! 

W.M.F. And that trestle for the rocket ships! 

A:T.G. And that inverse membrane dam! 

C.H.N. And that weird-looking building for the 
atomic-energy plant! 

AT... And that floating service island for the trans- 
atlantic hydrofoil ships! 

A.J.B. And that vehicular tunnel under the English 
Channel! 

J.B.B. All I can say is that I'm glad somebody else 


will be placement adviser by then! 


It will be seen that structural engineering had 
kept apace of the demands of construction, both 
within and beyond the scope of the civil engineer- 
ing field. Better methods of analysis and design, in- 
genious new structural layouts, better use of existing 
materials, and the almost complete mechanization of 
prefabrication and erection had all played their part 
in reducing construction costs, and this, of course, 
was. of utmost importance, since it meant that more 
structures could be built with the money that was 
available. But perhaps the most spectacular ad- 
vances had come about as a result of the introduc- 
tion of new and usually synthesized construction 
materials, once again demonstrating the vital role 
of basic research in civil engineering progress. 


(Continued on page 256) 
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Telephone people are prepared to meet the challenge of storm and disaster. Their experience in emergencies is particularly valuable in time of National Defense. 


SOLDIERS OF THE STORM 





The skill, loyalty and experience of telephone 
people are the priceless assets of the Bell System. 


Wherever there’s storm or fire or 
flood or disaster of any kind, you'll 
find telephone people right on the job 
to get things back to normal. They 
are able to do this because the entire 
Bell System is trained and organized 
to take care of emergencies. 

Mobile telephone equipment and 
standby power generators are ready. 








Supplies and equipment are kept avail 
able in Western Electric warehouses 
in strategic spots throughout the 
country. Wherever the job is too big 
for one telephone company, other 


BELL 


companies are quick to send their 
people to help. 

This ability to meet emergencies 
and restore service, so essential in 
peace, is even more important today. 
sell Telephone Companies through 
out the country have special plans to 
protect and maintain service if some 
sudden defense situation should arise. 

Whatever the need, it is reassuring 
to know that a well-trained army of 
3ell telephone workers — 650,000 
strong — is equipped and ready to act 
quickly and effectively. 


TELEPHONE SYSTEM 














BARNSTEAD 
DEMINERALIZERS 


PROVIDE LOW-COST 
PURE WATER 


for *Electroplating * Anodizing 
© Photographic Solutions 
© Salt-free Rinse Water ¢ Silvering 
And Hundreds of Other Applications 
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Barnstead Four-Bed Four-bed Barnstead Demineralizer 
Demineralizer provides pure produces pure, sparkling-clear rinse 
water for hot seal tank in water for pharmaceutical plant. 200 


anodizing. 30 gal/h. gal/h. 
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Four-bed Barnstead Demineral- Two-bed Barnstead 
r _ . : Demineralizer. Used in 
izer providing pure, high resistance large automotive plant. 






water for electronic mfgr. 1000 gal/h. 1000 gal/h. 











Selection of the best size and type of demineralizer for 
your operation depends on the nature of your raw 
water supply, flow rate needed, daily demand, and 
degree of purity required. Send a sample of your 
water to our Laboratory and Barnstead Engineers will 
perform the necessary analysis without obligation. 
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PROMPT DELIVERIES 


arnstead 


STILL & STERILIZER CO. 





65 Lanesville Terrace, Forest Hills, Boston 31, Mass. 
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(Continued from page 254) 


The relatively small number of bombproof build- 
ings in existence was especially noteworthy, for it 
appeared that atomic warfare was no longer a major 
consideration. While other factors had been of ut- 
most importance in bringing about this happy con- 
dition, the contribution of the civil engineer was not 
to be minimized. Hydraulic engineers had done 
much to increase the power and food supply of the 
world; sanitary engineers had played an important 
part in improving the environment in which people 
lived; transportation engineers had helped to dis- 
tribute the goods of the world; while structural and 
foundation engineers, as the servants of the other 
three, had done their share by building the struc- 
tures that made these things possible. All of these 
activities had contributed directly to a higher stand- 
ard of living throughout the world, and thus had 
helped to remove one of the major causes of war. 

And now I want to speak to you with complete 
seriousness. This is not to say that there has been 
no serious thought behind my previous remarks, for 
[ have tried to give you a picture not only of what 
civil engineers do today, but of what the trends are 
likely to be in the future. Though my method of 
presentation has doubtless led me into pitfalls, I have 
tried to keep the over-all impressions that I hope 


(Continued on page 258) 
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RESEARCH AND DEVELOPMENT WORK 


Established manufacturer of machinery 
for the Textile, Wire and Rubber Indus- 
tries offers worthwhile opportunity to 
graduate engineer desiring to make a 


PERMANENT connection. 
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3908 Frankford Avenue, Philadelphia 24, Pa. 
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OISE! 





WE DEFY ANYONE TO DETECT ANY DIFFERENCE IN NOISE LEVEL BETWEEN 


AN AMP SOLDERLESS CONNECTION 





















































AND A PERFECT SOLDERED JOINT! 


During recent years three labora- 
tories, employing DIFFERENT test 
methods and the finest equipment 
yet developed, agree: THERE IS NO 
MEASURABLE NOISE IN THESE AMP 
SOLDERLESS CONNECTIONS! 


TEST #1 AT MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


AMP terminal connections (which had been 
subjected to salt spray) were placed in series 
with the input of a high gain, wide band 
pass amplifier (originally developed for 
checking thermal noise in R:F. input circuits). 
Dr. Wiesner’s results, after testing AMP ter- 
minals, substantiate “the unlikelihood that 
metal-to-metal contact as it exists in crimped 
solderless connections would be expected to 
develop noise” 


TEST #2 AT AN 
ARMED FORCES TEST LAB 


Since a terminal has but a few milliohms 
resistance, this test required a special trans- 
former to match this low impedance to the 
input of the amplifier, sensitive to levels of 
0.2 micro volt. 60 AMP solderless terminals 
crimped to short lengths of wire in series, a 
similar number of carefully soldered joints, 
and a single piece of solid wire of equivalent 
R, were compared. 

No noise difference was detectable between 
any of the three. 


TEST #3 ATA 
PROMINENT UNIVERSITY LAB 
7,000 AMP solderless connectors were 
crimped to short lengths of wire in series 
making a chain of terminals 340 feet long 
(see illustration). After aging for two years in 
an unfavorable atmosphere these 14,000 
connections in series were tested at radio 
frequencies up to 20 megacycles. 
AGAIN — Noise measurements were down 
to thermal magnitude. 


(Copies of all test results available 
on request to our ELECTRONIC 
DIVISION.) 


CHECK THESE RESULTS YOURSELF! Use the 
Appropriate AMP Connection In ANY Circuit, Be 
It Low or High Level, DC or High Frequency! 


== _ «AMP precision tools produce these 
uniform quality connections at pro- 

2 duction rates up to 4,000 termina- 
— tions per hour! 


AIRCRAFT-MARINE PRODUCTS, INC. 


2100 Paxton Street Harrisburg 15, Pa. 
AMP Trade-Mark Reg. U.S. Pat. Off. 
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(Continued from page 256) 


to leave with you in line with an attempt to appraise 
the future of civil engineering in a serious manner. 
I hope that the net result has been of interest to all 
of you and particularly to the first year civil-engineer- 
ing students who are here tonight. 

If, among the latter, there are some who are still 
uncertain as to their final course selection, I would 
like to say to them: In choosing your course the 
most important question to ask yourself, in my opin- 
ion, is: Would I like that kind of work? Would I 
find it interesting? Because if you like doing some- 
thing, you will do it successfully, and even more im- 
portant, you will be happy doing it. Conversely, if 
you get into a field that you don’t enjoy, you can't 
do a really good job, regardless of how hard you 
try. Of course there are other considerations, for 
what will happen to you in the profession you choose, 
depends on many things. If I may quote from Ec- 
clesiastes IX:11: . the race is not always to the 
swift, nor the battle to the strong, neither yet bread 
to the wise, nor yet riches to men of understanding, 
nor yet favour to men of skill; but time and chance 
happeneth to them all.” You cannot tell what will 
have happened by 25, or 10, or even one year from 
now, but you do have some basis for knowing what 
kind of work you will find interesting, and to some 
degree, even exciting. If the work you are in can 
make you wake up in 
the morning, eager to 
meet the challenge of 
the new day; your fu- 
ture, though affected 
by time and chance, 
has every prospect of 
being a source of con- 
tinuing satisfaction. 

And to all of you, I would like to say: W a n you 
analyze what I’ve said tonight about the future of 
civil engineering — when you consider the different 
areas of civil engineering that I’ve discussed — there 
are certain ideas, certain common denominators, that 
come up again and again. These are so important 
that I shall conclude my remarks by pointing out 
just four of them: 

1. Transportation, water control, and suitable en- 
vironment, for all of which the civil engineer provides 
structures and ground facilities, underlie every thea- 





(Continued on page 260) 
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What GENERAL ELECTRIC People Are Saying 


I LANGMUIR 
Research Laboratory 


PLANNING UNPLANNED RESEARCH: 
You can’t plan to make discoveries. 
But you can plan work that will 
probably lead to discoveries. 


Dr. Willis Whitney discovered a 
word which is in the dictionary— 
serendipity—and I don’t like the 
definition that is given. Let me sug- 
gest this one: “The art of profiting 
from unexpected occurrences.” 
Now, it seems to me a large part 
of the Laboratory work is based on 
that. You don’t know all the things 
that are going to happen; too many 
of them are unexpected. But it is 
these unexpected things that are go- 
ing to be the most profitable—the 
most useful—things you do. 


In 1942, when I was President of 
the American Association for the 
Advancement of Science, | broad- 
cast a half-hour talk in which I said 
that physics nowadays is not like 
the physics of the past century. 
There is classical physics, and there 
is quantum mechanics. What’s the 
main difference? 


The old idea of physics was that 
everything was perfectly, definitely 
due to causality. There was a de- 
finite relation of cause and effect. 
And that worked perfectly well in 
classical physics. But, then, years 
later came the quantum theory and 
the uncertainty principle of Heisen- 
berg. But Bohr, five or ten years 
before Heisenberg’s uncertainty 
principle, had the idea of the cor- 
respondence and uncertainty prin- 
ciples very clearly in mind. I 
remember Bohr saying that if a 
thirteen inch shell is coming toward 
you, several thousand feet a second 
—headed right toward you—it may 
pass through you and produce no 
effect whatever. There is a certain 
definite chance that this will happen 
—very small. 


Take another example. You can 
see the track of an alpha particle. 
It’s one quantum effect—a radium 
atom exploded. Fundamentally, you 
can’t find the cause for such things. 
In fact, as Bohr pointed out very 
clearly, if you could find out what 





it is that sets off a radium atom 
after 2000 years, then the whole of 
quantum mechanics would have to 
go by the board. It’s basic that those 
must be the fundamental things, the 
probability, and not the cause of the 
definite action. All right. if an alpha 
particle can leave a track and a man 
can do something as a result of it— 
see it, for example—he may either 
get killed or not get killed because 
of timing. He may be run over by 
an automobile because he left his 
office a little later than he otherwise 
would have. 


So single quantum effects can 
affect the lives of individuals. Now, 
the moment you prove that in prin- 
ciple, the whole basic idea of cause 
and effect is gone for all those 
phenomena that can be started from 
small beginnings and grow up to 
large things. 


Take heredity, for instance. A 
single gene cell can be affected by a 
cosmic ray or by x-rays. Single 
quantum phenomena. They’re ab- 
solutely interminable. And, there- 
fore, basically the whole develop- 
ment of the human race has not been 
the result of cause and effect—only 
probabilities. 





Come down to human affairs—an 
idea, for instance. How did it begin? 
Why, with something as small as a 
quantum, or the actions of a lot of 
separate quantums, of course. You 
have the dividing of the ways. 
Kither you do one thing or the other. 
You continue to have alternatives. 
Those alternatives may determine 
things of tremendous importance. 


If you can’t predict ideas, you 
ean’t plan things in a laboratory. 
But you can organize a laboratory 
so as to increase the probabilities 
that useful things will happen there. 
And, in so doing, keep the flexibility, 
keep the freedom. That’s what 
freedom is for. All of us in this 
Research Laboratory are interested 
in freedom. We know from our own 


You can pul your c 


experience that in true freedom we 
can do things that could never be 
done through planning. That’s why 
we are going to beat out Russia in 
the long run. 


Stalin believes that everything 
can be planned. Marx believed that 
everything could be planned. That's 
the trouble with all dictators. They 
think that they can run the world 
by planning from above. And that 
is an utter impossibility, basically 
and fundamentally, because of the 
existence of divergent phenomena. 


The moment that you see that the 
world isn’t a kind of place where 
complete planning is possible, then 
you believe in democracy, you be- 
lieve in freedom and initiative—in 
all the kinds of things that can be 
planned only in very general ways, 
not in detail. 


What did Mussolini try to do? 
What did Hitler try to do? They had 
plans for conquering the world, and 
they knew just how to do it. They 
failed. They failed for many reasons, 
but one of the reasons is that you 
can’t run things that way. And I 
think, no matter how far you may 
go in dictatorship, no matter how 
far it may succeed, it will ultimately 
fail because of the impossibility of 
planning on a world-wide scale. 


Now, in this Laboratory we have 
a good example. | think most of us 
here have ideas of freedom and of 
the importance of thinking things 
out in our own way. Human virtues 
such as curiosity, initiative, interest 
in things, and just doing things for 
the fun of it, add up to me as just 
one of the things you realize in this 
Laboratory. And if only it could be 
that way on a world-wide scale, we 
would be much better off than we 
are now. 


Colloquium 
General Electric Research Laboratory 


December 12, 1951 
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Electric Heat Treating Furnaces where maxi- 
mum performance is desired. 


Hevi Duty specialty transformers are used 
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trial machinery and plant power distribution. 
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Constant Current Regulators. 
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ter of human activity. Essential as they are today, 
they will be needed even more vitally as civilization 
becomes more complex. 

2. The birth of each new branch of engineering 
creates new opportunities for the civil engineer: for 
example, aeronautical engineering has made the air- 
port necessary; mechanical engineering has led to 
our traffic problems; chemical engineering has cre- 
ated many of our problems of stream pollution. 

3. Each advance in another field of engineering 
or in science leads to new ideas and new tools that 
help to advance the field of civil engineering: for 
example, aerodynamics has stimulated hydraulics; 
colloidal chemistry is helping soil mechanics; the de- 
velopment of electronics has aided in instrumenta- 
tion for civil-engineering research. 

4. The keys to the future of 
civil engineering are threefold: 
(first) A growing awareness of 
social and economic values, lead- 
ing to sounder planning; (sec- 
ond) A growing emphasis on 
fundamentval research, leading 
to better design, and (third) The 
wiser management of men and 
equipment, leading to better 
methods of construction. But of 
these three keys, research is the most important, for 
it is only by exteuding the boundaries of knowledge 
that a profession not only maintains its stature, but 
forges its way to the new frontiers that always lie 
ahead. 
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Here are excellent examples of Graver’s 
ability to satisfy the diverse requirements of 
the petroleum and process industries. Fabri- 
cated to conform with standard codes or 
special requirements, these towers are the 
result of Graver’s long experience in manu- 
facturing quality vessels in steels, clads and 
alloys. 
The wide variety of processing plants in which 
these intricately designed towers and columns 
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Anhydrex insulation assures high dielectric 
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TYPE SRHT HIGH TEMPERATURE HOOK-UP WIRE 
Struc- Patented 
B.1.W. Type SRHT (Synthetic Resin High Temperature) is the designation for a series of electronic hook-up wires for high temperature applications. 
f Hy. Generally they conform to the requirements of Spec. 15W9 and are made in all gauge sizes, #26 to #6 in all colors. 
y B.1.W. Type SRHT is the smallest diameter, lowest cost high temperature wire. It is insulated with the very thinnest layer of DuPont “Teflon” 
thoroughly sealed to be both moisture and heat resistant. 
or of THE CONDUCTOR is standard stranded tinned copper and for applications subject to continual flexing or vibration, flexible strandings are provided. 
Silver coated copper is used for wires subjected to temperatures over 400 deg. F. 
COLOR CODING is a particular feature of this wire. It is available in 10 basic colors, with one or two tracer combinations in any of the colors. 
fessor The first tracer is a wide band, the second a narrow band spirally placed around the wire and readily distinguishable. 
IT IS MADE IN SEVERAL TYPES OF COVERINGS as preferred by the purchaser to meet the particular service conditions and temperature rat- 
ings to be encountered: 
Struc- SRHT (NN) rated at 125C. is nylon braid saturated with flexible nylon coating. 
SRHT (GN) rated at 150C. is glass braid saturated with flexible nylon coating. 
aE 444} can @ ack cee kel at a Ga ee ooo 
utary SRHT (GS) rated at 200C. is disease treated fibreglass braid shielded with tinned copper braid. 
CONDUCTOR SRHT(NN) (GN) (CV) or (GV) Shielded SRHT(GS) 
: Gauge Resistance- Current Outside Copper Net List Copper Net List 
or of Size Strands PerMft. Rating* Diameter Wet. Wat. Price Wet. Wat. Price 
at 400° F. + .005” Lbs/M’ Lbs/M’ Per C’ Lbs/M’ Lbs/M’ Per C’ 
truc- 26 12 85 8 -040” 9 2 $ 7.00 5 6 $ 8.50 
24 7 45 1.5 -050” 1.4 2.5 7.00 6 7 8.60 
iat 24 19 45 1.5 050” 1.4 2.5 8.00 6 7 9.60 
22 7 28 6. -060” 2.2 3.5 7.50 7 9 9.20 
22 19 28 6. -060” 2.2 3.5 8.00 7 9 9.70 
or of 20 7 17 10. -070” 3.5 5.0 8.00 10 12 9.80 
20 19 17 10 -070” 3.5 5.0 8.50 10 12 10.30 
jitar 18 7 il 15. 080" 5.6 7.5 8.50 14 17 10.50 
y 18 19 1l 15. -080” 5.6 7.5 9.00 14 17 11.00 
16 19 8.1 27. -090” 8.8 11.0 10.00 17 20 12.10 
r of 16 41 8.1 20. -090” 8.8 11.0 11.00 17 20 13.00 
14 19 5.1 27. -105” 13.7 16. 13.00 22 28 15.40 
itary 12 19 3.2 37. 135” 218 26. 17.00 30 36 20.00 
10 37 1.9 50. -150” 34.5 40. 20.00 46 51 23.20 
8 133 1.1 67. -200” 55. 60. 26.50 68 74 30.00 
x of 6 133 -74 91. -240” 84. 92. 32.00 97 107 36.00 
* Based on single conductor in free air at 220° F, ambient temperature. se 
— BOSTON INSULATED WIRE AND CABLE CO. BOSTON 25, MASSACHUSETTS 
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RENAISSANCE IN METAL CUTTING 
(Continued from page 247) 


Other more conventional testing techniques, such 
as microhardness determinations, true stress-strain 
tests for workpiece materials, and the preparation 
of photomicrographs to establish metallographic 
structure are of a considerable value in metal-cut- 
ting studies. Fig. 5 shows a special application of 
the standard photomicrographic technique that is 
very useful in studying the nature of the roughness 
of finely finished surfaces. In this case a ground 
surface is plated and then sectioned by a plane that 
makes a small angle with the original surface. When 
the sectioning plane is polished and etched and ob- 
served through the microscope, a picture such as 
that of Fig. 5 is obtained. This method provides a 
view of the surface that conveniently has different 
magnifications in the two directions. The individual 
grooves that were left by the grinding grits in pro- 
ducing this surface are seen to be about 50 micro- 
inches deep and about 750 microinches wide. 

The x-ray diffraction camera is one of the less 
familiar, conventional test methods that has been 
recently used in metal-cutting studies. Pictures, 
such as those shown in Fig. 6 are produced by caus- 
ing an x-ray beam to be refracted from a metal sur- 
face and then onto a photographic plate. When the 
specimen is in the annealed condition, the refrac- 
tion pattern will consist of sharply defined circular 
arcs as shown in Fig. 6, but when the surface is cold 





worked, as by grinding, the refraction pattern is dif- 
fuse. By progressively etching layers from a ground 
surface and taking x-ray pictures of the surface thus 
uncovered, the depth of the cold-worked layer that 
is produced by a machining operation may be de- 
termined. 

As is evident in the foregoing brief discussion of 
some of the research methods that are now employed 
in fundamental metal-cutting studies, many tech- 
niques and concepts have been drawn upon from 
other fields of endeavor. However, metal-cutting re- 
search is also extending its influence into apparently 
unassociated areas. For example, the organic chemist 
is now utilizing the results of a fundamental study 
of cutting fluid action to synthesize chemicals more 
effectively. In one very important type of reaction, 
metallic magnesium is ‘reacted chemically with hal- 
ides to produce valuable and versatile intermediates 
known as Grignard reagents, after their inventor. 
Glass apparatus, such as that shown in Fig. 7, is 
the conventional means for carrying out such reac- 
tions. Obviously this is a batch-type, small-scale 
operation and it is quite hazardous, too, inasmuch 
as the reaction must be carried out in the presence 
of large quantities of inflammable ethyl ether. Ap- 
paratus similar to that shown in Fig. 8 is now used 
to cut magnesium in the presence of the liquid re- 
actants. Due to the very high pressures and tem- 
peratures obtained at the cutting point and the 
continuous generation of nascent, oxide-free surface, 


(Continued on page 266) 
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RENAISSANCE IN METAL CUTTING 
(Continued from page 264) 


the reaction can be made to go forward continuously 
with no induction period. The new process has been 
called mechanical activation. The once hazardous 
and batch-type Grignard process has now been trans- 
formed from a laboratory curiosity into a safe con- 
tinuous process with an industrial future. 

A second example might be cited to illustrate the 
impact of metal-cutting research on another engi- 
neering field. From physicists’ calculations it has 
long been suspected that metals should exhibit 
strengths that are many times greater than those com- 
monly experienced in practice. For example, the 
tensile strength of steel should be about 4,000,000 
pounds per square inch on the basis of such calcula- 
tions. In metal cutting, a pronounced effect on the 
shear stress has been observed as depth of cut 
varies. The flow stress on the shear plane has been 
found to increase significantly with decreased depth 
of cut. However, this increase in stress ceases at a 
certain depth of cut of about 30 microinches, which 
is the depth of cut obtaining in a fine grinding opera- 
tion. At this point the shear stress appears to be 
close to 2,000,000 pounds per square inch (which 
is in good agreement with the aforementioned the- 
oretical tensile value of 4,000,000 pounds per square 
inch according to the maximum shear theory). The 
explanation for the huge difference between the 
strength of a very small specimen and one the 
size of ordinary structures is simply that all metals 
contain flaws, and the probability of a flaw being 
present in a given specimen decreases as the speci- 
men size is reduced. Strangely enough, the long- 
sought-for critical experiment to demonstrate the 
existence of a theoretical strength for metals and a 
size effect has apparently been found unexpectedly 
in the grinding operation, where a materials test 
may be performed on a specimen that is phenome- 
nally small (corresponding to a tensile test specimen 
of less than 30 microinches in diameter). 


Getting Results to Industry 


The gathering of experimental data and its inter- 
pretation is not the sole problem of an engineering 
research laboratory. The job is only half completed 
at this stage. The knowledge developed during the 
experimental phase must get into the hands of those 


cae on page 268) 




















LICENSING ARRANGEMENTS WANTED 


We wish to acquire patent rights on electrical compo- 
nents, instruments, or accessories used in the following fields: 


RADIO, RADAR, OR TELEVISION. TELEPHONE, 
TELEGRAPH, TELETYPE, OR SOUND 
ON FILM. PUBLIC UTILITIES. AIRCRAFT. 
Our preference is for items that have limited rather than 
mass markets. We have a particular interest in switches and 
relays, also in telephone parts and accessories. 


All replies to be held confidential. Please write to Box G 


Technology Review. SA-3 









































Ce Se er 


























































































































THIS ROPER If You Need 
iS TYPICAL OF MANY SPECIALIZED MACHINES e,@ & 
y PRODUCED BY US FOR ROPE & ALLIED INDUSTRIES Additional Manufacturing 
my ROPE machinery for hard or soft fibres, synthet- e 
en ics, cotton. * LAYING or CABLING machines Capacity 
us for smaller cords and twines. * TWISTERS and 
FORMERS for yarns, twine, paper, etc. 
is- Based on more than eighty years specialized 
n- “know-how” we have contributed many labor- CALL IN 
saving innovations to lower production costs, 
x increase profits. 
e Write Dept. T-2 and we will send you tech- L g 4 D- 
yi- nical bulletins that may suggest ways in which S 
as we can help you. 
vit HASHELL-DAWES CONTRACT MANUFACTURING DIVISION 
n- 
e MACHINE COMPANY, Inc. , 
00 2231 E. Ontario Street —@® Capacity and manpower avail- 
* PHILADELPHIA 34, PA. able on Machine Shop, Sheet Metal and 
a Woodworking facilities for industrial or 
= | defense contracts. 
on Write for illustrated booklet “Special Con- 
th tract Department” which lists and describes 
“ facilities. 
ch 
a- 
: Contract Manufacturing Division 
on 
e- THE LIQUID CARSONIC CORPORATION 
3100 South Kedzie Ave. Chicago 23, Illinois 
re Mansfacturers of Brewing and eattiing Machinery, Seda Fountains. Gas 
1e Welding Equipment, CO, Gas, Dry tee, Oxygen and Medical Gases 
1e 
1e€ 
Is 
me 
‘i- 
4 
1e 
a 
ly that you can Clean Condenser Tube Sheets 
without Downtime or Loss of Pressures 
c- C. H. Wheeler Reverse Flow Condensers are “Self-Cleaning”. Electrically, hydraulically or 
on manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 
2 ... that there are Vacuum Pumps with No Moving 
Parts ... and often requiring No Extra Power & 
r- C. H. Wheeler Tubejets convert waste steam into useful vacuum for pumping, refrigera- 
tion, etc 
is 3 . J . 
d » « . that a Cooling Tower can be Built to Blend with a 
e ; Building—or to Stand Alone against Hurricane Winds «= 
se C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 
harmonize with an architectural plan. Sturdy construction is guaranteed for performance 
and durability. 
= 4... that Material will Grind Itself into Particles 100 
Times Finer than the Human Eye Can See 8 
C. H. Wheeler Fluid Energy Reduction Mills reduce materials to sub-micron particle sizes. 
| Material is conveyed by air, steam or any gas or vapor in a closed circuit at supersonic 
speeds causing particles to reduce th Ives by repeated shattering contact with one ; 
another. ae 
Bulletins mailed on request. 
| 
19TH & LEHIGH AVENUE, PHILA. 32, PA. 
| DIVISION OF HAMILTON-THOMAS CORP. 
MARCH, 1952 








“F OI a. 
reread to tic ci Meets: RENAISSANCE IN METAL CUTTING 
1s (Concluded from page 266) 
~~ 
who can put it to use before an engineering research 
#3 investigation may be considered to be successfully 
iz completed. New material must quickly find its way 
t§ into the teaching program and also be made avail- 
able to industrial workers. The task of introducing 
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new ideas and concepts into the teaching program 
is best accomplished by having those engaged in 
teaching simultaneously engaged in a vigorous re- 
search program. The problem of disseminating re- 
search findings to persons in industry is not easily 
accomplished but at M.I.T. this is being achieved: 

1. ‘through publications in the technical press and 
public lectures; 

2. Through special intensive summer programs, 
Last summer three such programs, each of two 
weeks’ duration and designed to be of interest to 
machine-tool people, were presented at M.I.T., em- 
bracing the following topics: metal cutting, lubrica- 
tion, and hydraulic controls; 

3. By making available to industry well-trained 
graduate and undergraduate students who are 
thoroughly familiar with current developments in 
metal-cutting research. This is probably the most 
effective means of establishing the all important liai- 
son between the academic laboratory and industry, 
but requires a relatively long time for fruition; 

4. By direct consultation. 


Conclusion 


The fact that an art as old as metal cutting should 
have progressed so little in the direction of a science 
is most discouraging. However, some encouragment 
is to be found in the fact that it was less than 15 
years ago that the first attempts were made, by 
Viano Piispanen, a Finnish engineer, to attack this 
problem from the standpoint of analytical mechanics. 
A great deal of progress has been made since that 
time. If the metal-cutting industry continues to sup- 
port the fundamental studies now under way, and 
continues to express a patient and sympathetic 
attitude toward the efforts being extended, the ren- 
aissance in metal cutting may well be completed in 
a short time. It will then be possible to attack a 
metal-cutting problem on the same rational basis as 
is now commonplace in the fields of power-machin- 
ery design, hydraulics, and metallurgy. 
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STEPBROTHER TO THE 


IRON HORSE 
(Continued from page 244) 

A car that could be used throughout the entire 
year, in place of the duplicate complement of open 
and closed cars, had been the subject of many ex- 
periments. The rising costs uf the World War I period 
forced the adoption of such cars, known as “semi- 
convertibles,” because of the large windows that 
could be opened wide for summer comfort. Increased 
costs were also largely responsible for a totally new 
design of car — the Birney safety car. 

From the start the Birney safety car was designed 
to be operated safely by one man. It contained such 
safety devices as the dead-man control (which would 
bring the car to a safe stop if the motor controls were 
unattended) and the doors interlocked with the air 
brakes. The body had rather light steel subframe, 
window posts, roof arches, and side panels, but the 
floor, roof deck, doors and sash were of wood. The 
running gear was a new type of single truck with two 
25-horsepower motors. 

About this time the private automobile and the bus 
began to be major factors in local transportation. 
Henry Ford had achieved quantity production of his 
“Tin Lizzy” by 1910; and the gasoline engine had 
demonstrated that it had been made reasonably 
reliable. Paved roads were being extended. The 
biggest remaining difficulty was with tires. At the be- 
ginning of World War I a Ford tire cost more than 


$30 and could be used for possibly 4,000 miles. Pune. 
tures and blowouts were frequent so that every 
became an adventure, with arrival time highly un 
certain. Trucks and busses ran on solid rubber tire; 
which combined reliability with a barely acceptable 
minimum of cushioning. 

During World War I, tire manufacturers happened 
to try carbon black as a substitute for unobtainable 
filler materials in their rubber mix. They were sur. 
prised to find that the result was an abrasion-resistant 
material which was ideal for tire treads, at leas 
doubling the life and greatly reducing punctures and 
blowouts. Meanwhile, automobile production was 
multiplying and prices were dropping. From 1908 to 
1910, Ford made perhaps 8,000 cars selling at more 
than $900 apiece; a dozen years later he made more 
than 1,000,000 cars a year and the price was about 
half as much. 

As a result the farmer bought a “flivver” to take 
him to town, instead of the slow horse and buggy or 
the infrequent trolley. The city dweller bought a 
home in the country and relied on his car to take him 
to work. The workman took a Sunday drive instead 
of a trolley ride. Wildcat operators started jitney-bus 
lines in direct competition with the trolley routes. 
The majority of trolley companies went into receiver- 
ship and a substantial mileage of line was abandoned 
and dismantled. Among the abandonments was the 
Needham-Wellesley line mentioned in the 1914 trip. 
By 1916 this line was taking in $0.18 per car-mile, but 

(Continued on page 272) 
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les. Pune. ee ee ee eee 
very trip 
ighly = THE TECHNOLOGY LOAN FUND BOARD 
Der ti 
ceptable Report for the Year 1951 
lappened 
btainable For the third calendar year since the war, new loans made exceeded repayments on outstanding 
vere pe notes, these totals for 1951 being $181,146 and $72,706, respectively. By the end of December, 
-resistant 
at leag 1951, 2357 individuals — or 70% of the 3,382 receiving loans since the Fund was established in 1930 
ures and —had completely discharged their indebtedness to it. 
ion was 
— to The data presented below summarize the Fund’s transactions during 1951 together with cumula- 
at more 
de mor tive figures for the past twenty years. 
as about Tue TECHNOLOGY LOAN Funp Boarp 
to take J. A. Stratton 
uggy or J. J. Snyder 
ought a T. P. Pitre 
ake him J. T. Rule 
instead Cambridge D. L. Rhind, Secretary 
ney-bus March 1, 1952 H. E. Lobdell, Chairman 
routes, 
eceiver- 
ndoned 
was the CUMULATIVE RECORD OF THE TECHNOLOGY LOAN FUND TO DECEMBER 31, 1951 
14 trip. 
ile, but At Dec. 31 At Dec. 31 Net changes 
1951 1950 during 1951 
Items Or Ovurtco: 
Number of Men Receiving Loans . . ... . 3,382 3,144 up 238 
Total Amount Loaned ......... $2,435,025 $2,253,879 up $181,146 
Average Per Capita Loan . . ..... . $ 720 $ 717 up $ 8 
Irems OF INCOME: 
Number of Men Whose Indebtedness has been Com- 
pletely Discharged . . . . . . 1 we 2,357 2,279 up 78 
Principal Repayments in Advance . . . . . . $ 618,078 $ 601,914 up $ 16,164 
Other Principal Repayments . . . . . . . . $1,232,765 $1,176,223 up $ 56,542 
Total Principal Repayments $1,850,843 $1,778,137 up  $ 72,706 
Total Principal Matured, Considering “Advance ~— 
ments” as Matured, when Paid . . . $1,882,891 $1,810,287 up $ 72,604 
Collection Ratio, ie. Percentage of Total Maturities 
ee aks ea Oa es BO oe ee 98.3 98.2 up 0.1 
Matured Principal in Arrears. . . . . . « . $ 22,679 $ 23,390 down$ 7I1l 
Actual “Written Off’ Accounts . . . . . . . $ 9,370 $ 8760 up $ _ 610 
Total Maturities Unpaid $ 32,049 $ $82,150 down$ 101 
Percentage “Written Off’ to Total Loans . . . . 0.38 0.38 
Percentage Matured Loans in Arrears plus Amount 
“Written Off’ to Total Loans . . . . . . . 1.32 1.43 down 0.11 
Ipgerest Received . . .*. « «© «© © © @ «@ $ 236,891 $ 231,855 up $ 5,036 
Times Interest Received to Matured Loans in Arrears 
plus Amount “Written Of” . . . . . s 7.4 7.2 up 0.2 
| NoTres OUTSTANDING ae ees ee $ 574,812 $ 466,982 up $107,830 
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Address all correspondence to 774 Belleville Avenue 
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STEPBROTHER TO THE 


IRON HORSE 
(Continued from page 270) 
its operating costs came to $0.27. A one-man Birney 
safety car was ordered for the line, but in 1918 there 
came a strike and resulting increase of operating 
costs, so the line was abandoned. 1 

In the early 1920's, several truck manufacturers 
introduced “streetcar type” busses with seats, doors, 
fare registers, and body details very similar to cur- 
rent models of trolleys. They seated from 25 to 80 
passengers, and they were equipped with pneumatic 
tires, and sometimes with air brakes. Street railway 
companies tried these new vehicles for route exten- 
sions, and as a substitute for cars on lines where the 
track was worn out and traffic was too light to justify 
replacing it. They proved highly successful and bus 
substitutions for trolley cars steadily multiplied. 

But the trolley car put up a good fight. The Birney 
safety car proved to be too small for most lines, and 
its single truck made its riding qualities poor. Double 
truck cars, which kept the one-man operation and 
the lightweight steel construction of the Birney, were 
designed and built in large numbers in the 1920's, 
The Boston Elevated Railway, for example, adopted 
a design seating 48, weighing 15 tons, and powered 
with four 25-horsepower motors. This car would do 
substantially the same work as a 1911 design seating 
52, weighing 26 tons, and powered with four 50-horse- 
power motors. Furthermore, the newer designs were 
more economical in power consumption and track 
wear than their prototype of a decade earlier. Where 
riding was heavy the large seating and standing 
capacity made such cars less expensive to operate 
than a bus. As for capital cost, a car cost about as 
much, per seat, as a bus. Offsetting the large capital 
investment in track, wire, and power plant was the 
much longer life of cars: track would last a good 20 
years, and cars at least 30. Early busses were con- 
sidered good for five years; today seven to 10 years 
is the usual estimate. 

In the early 1930's, a group of transit executives, 
called the President’s Conference Committee, initi- 
ated a project that led to the development of the 
streamline trolleys seen in many cities today. These 
cars were introduced commercially in 1936, and now 
some 2,000 are in service. Four 55-horsepower motors 


(about twice the power-to-weight ratio of previous , 


cars) give extremely high acceleration, and the mo- 
(Concluded on page 274) 





ENGINEERS »- MANUFACTURERS + ERECTORS 


RUMENTATION 





J. C. CORRIGAN CO., INC. 


Conveyers 


e 
Coal Handling Systems 
Material Handling and Processing Equipment 
Portable Conveyers 
@ 
Distributors for 
Jefirey Manufacturing Co. 
41 Norwood Street, Boston 22, Mass. 
Tel. GEneva 6-0800 








THE TECHNOLOGY REVIEW 
4 














{ 








1 Bi mey 
18 there 
perating 


acturers 
;, doors, 
to cur- 
5 to 30 
eumatic 
railway 
> exten- 
1ere the 
> justify 
ind bus 
lied. 
- Birney 
es, and 
Double 
on and 
y, were 
1920's. 
dopted 
owered 
yuld do 
seating 
-horse- 
1S Were 
1 track 
Where 
anding 
yperate 
out as 
capital 
yas the 
ood 20 
e con- 
) years 


utives, 
, initi- 
of the 
These 
d now 
motors 


evious , 


ie mo- 


DRS 








EVIEW 








OE 


SCULLY SIGNAL COMPANY 
VENTALARM* 


Tank Fill Signal 


PRECISION-GAUGED 
HAIRSPRINGS 
AND 


FINE ROLLED WIRE 


SAFER FILLING — NO SPILLING 
PRECISION PRODUCTS COMPANY 
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Air Conditioning 
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STEPBROTHER TO THE 


IRON HORSE 
(Concluded from page 272) 


tors are also used for smooth dynamic braking. The 
resistance of the starting box for both acceleration 
and braking has a large number of steps to eliminate 
jerk. Hypoid-gear drives and rubber-bodied whee; 
greatly reduce noise. Streamline styling, cushioned 
seats, foot-operated controls, windshield wipers, stop 
lights, and sealed-beam headlights were adopted 
from current automotive design. 

But despite these many modern improvements, the 
trolley car is fighting a losing battle. Its troubles are 
largely economic. Busses have been enlarged and 
improved to handle heavy riding. Trolley busses, 
which combine maneuverability and curb loading 
with the economy of central station power, are suc. 
cessful in many places. When trolley cars, rather 
than busses, are involved, traffic jams at least seem 
worse for both transit passengers and private auto. 





mobiles. But the decline of the electric street railway 
is also partly a matter of style. The automobile has 
captured the popular imagination as the railroad did 
a century earlier, and every member in the family 
of the iron horse is having tough going. 
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Precise temperature measurements 





from metal coils! 


You’d hardly associate these coils of metal with 
precise industrial temperature measurement. Yet 
these coils are the sensitive actuating elements 
used in the all-metal thermometers now standard 
in oil refining, food and chemical processing, and 
other industries where accurate temperature in- 
dications are vital. 


These all-metal thermometers not only meet in- 
dustry’s standards for accuracy and dependability, 
but they provide outstanding advantages and econ- 
omies as well. Plant operating men find that their 
large, gauge-type scales save reading time, and 


WESTON Yume 


eliminate reading errors. And management has 
found that they stay on-the-line for far longer 
periods, due to their rugged, all-metal construction. 


The development of bi-metals and bi-metallic 
elements which meet the exacting measurement 
standards of industry is another typically 
WESTON accomplishment. WESTON all-metal 
thermometers today enjoy the same widespread 
preference as all other measuring instruments 
bearing this great name. WESTON Electrical 
Instrument Corporation, 580 Frelinghuysen Ave- 
nue, Newark 5, New Jersey. 
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Behind the Diamond “"D’’... 


= facilities are always changing, 


always improving behind the “Diamond 
D’ — trade mark of Draper Corporation, 
the world’s largest manufacturer of auto- 


matic looms. 


New foundry techniques, better machine 
tools, improved methods of manufacturing 
are constantly being installed to insure that 


Draper remains one of the most progressive 
and modern manufacturing companies in 
the country. 


In the last few years many millions of 
dollars have been expended for new equip- 
ment to give greater precision in loom parts 
and greater plant capacity for increased 
production. 


Draper Looms Produce More Cloth at Less Cost Throughout the World. 


DRAPER CORPORATION 


ATLANTA, GA. HOPEDALE, MASS. SPARTANBURG, S. C. 
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FOR a relatively small investment, any 
laboratory can be equipped with slotted 
line measuring equipment with which a 
considerable number of impedance and 
standing-wave measurements can be made. 
The Type 874-EK Basic Coaxial Kit is 
offered as a complete package for this 
purpose. 

The G-R Type 874-LB Slotted Line is one 
of the important basic measuring instru- 
ments for use at ultra-high frequencies. 
With it the standing wave pattern of the 
field inacoaxial transmission line can be de- 
termined quickly, simply and accurately. 

The G-R Slotted Line is a §0-ohm, air 
dielectric, coaxial transmission line with 
a longitudinal slot in the outer conduc- 
tor. The inner conductor is supported at 
its ends only, by two Type 874 Connec- 


between 300 and 5,000 Mc 


* Universal Connectors Eliminate Male-Female Ad 
Excellent Electrical Characteristics 


* Interchangeable Units 


tors minimizing reflections and discon- 
tinuities caused by dielectric supports. 

A probe, mounted on a carriage with a 
50 cm maximum travel, samples the field 
within the line. A built-in crystal recti- 
fier is used as a detector of the r-f voltage 
induced in the probe. The rectifier is tuned 
to the operating frequency by means of 
adjustable stubs. Terminals are provided 
so that a receiver can also be used as 
a detector. 

A large number of associated elements 
and inexpensive auxiliary units are avail- 
able. These include Unit Oscillators, 
Unit Power Supplies, Amplifiers and De- 
tectors, Mixer Rectifiers, Voltmeter 
Rectifiers, Bolometer Bridge, Voltmeter 
Indicator, Attenuators, Line Elements, 
Filters, Adaptors, etc. 
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* ©Inexpe 
Ideal for the UHF T-V B 


Type 874 EK 
BASIC COAXIAL KIT 


Type 
eee BrG-s Sletled Lime... ...cccccccccvccss 
One 874-D20 Adjustable Stub (20 cm).... 
One 874-D50 (50 cm) 
25 ft. 874-A2 Polyethylene Cable... 
Two 874-B Basic Connectors. ..... < 
Two 874-C Cable Connectors............... 
Two 874-C8 Cable Connectors........... a 
One 874-LA Adjustable Line.............05 
Two 874-P Panel Connectors... ........000 
One 874-Q1 Adaptor to Type N ..........45 
Two 874-R20 Patch Cords... ......cscce000 
Che Breeree Patek Coed 5g on cc ciccsascccost 
FS EORTC COTE CC CTT 
One 274-NE Shielded Connector...........+ 
One 874-T Tee ee) mae ee 
One 874-WM Matched 50-Ohm Termination. . 
One 874-WN Short-Circuit Termination. ..... 
One 874-WO Open-Circuit Termination. . . 
One 874-Z Adjustable Stand..............4. 


Complete Kit | 


GENERAL RADIO Comp 


275 Massachusetts Ave. Cambridge 39 
90 West St. NEW YORK 6 9205S. Michigan Ave. CH 
1000 N. Seward St. LOS ANGELES 38 


For a i6-page Booklet describing the Complete Line, Fill-In the Coupon. below 


GENERAL RADIO COMPANY, 634 


275 Massachusetts Ave., Cambridge 39, Mass. 


Send me the 16-Page Booklet describing the complete line 
of G-R slotted line measuring equipment. 
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The versatility of the entire 

line of G-R u-h-f measuring equipmé 
is based on the Type 874 Connector 
with which all coaxial elements are eq 
These universal male-female connect 
are designed for simple, quick, 
plug-in connect and disconnect. 
Each will plug into any other. Their | 
electrical and shielding characteristi 
are excellent. Conversion adaptors f 
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